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PATENT 

TN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: 

Robert HALEY a/. Group Art Unit: 1635 

Serial No.: 10/039,171 Examiner: B. Whiteman 

Filed: January 3, 2002 Atty. Dkt. No.: UTSD:749US 

For: COMPOSITIONS AND METHODS FOR Confirmation No.: 7156 
THE DIAGNOSIS AND TREATMENT OF 
ORGANOPHOSPHATE TOXICITY 

SUPPLEMENTAL APPEAL BRIEF 

Commissioner for Patents 
P.O. Box 1450 

Alexandria, VA 22313-01450 
Dear Sir: 

This Supplemental Appeal Brief is filed in response to the Notification of Non-Compliant 
Appeal Brief (37 CFR 41.37) mailed on December 24, 2008. Should any fees be due, the 
Commissioner is authorized to debit Fulbright & Jaworski L.L.P. Deposit Acct. No. 50- 
1 2 1 2/UTSD :749US/1 0200 123. 

I. Real Party In Interest 

The real party in interest is the assignee, the Board of Regents, University of Texas 
System, Austin, TX. 

II. Related Appeals and Interferences 

There are no related appeals or interferences. 
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III. status of the Claims 

Claims 1-35 were filed with the original application, and claims 36-43 were added during 
prosecution. Claims 6-8 and 26-35 have been canceled. Thus, claims 1-5, 9-25 and 36-43 are 
rejected and stand appealed. Claims A copy of the appealed claims is attached as Appendix A. 

IV. Status of the Amendments 

No amendments were offered following mailing of the final Office Action. 

V. Summary of the Claimed Subject Matter 

Independent claim 1 sets forth a method of protecting a cell from organophosphate toxin 
comprising (a) identifying a cell at risk of exposure or exposed to an organophosphate toxin; (b) 
providing an expression cassette comprising a promoter active in said cell and a gene encoding 
PONl under the control of said promoter; and (c) transferring said expression cassette into said 
cell under conditions permitting expression of PONl; wherein said expression cassette expresses 
PONl in said cell, providing protection from said organophosphate toxin. This claim is 
supported at page 4, lines 5-10 of the specification. 

Claim 21, the other independent claim, sets forth a method of protecting a subject from 
an organophosphate toxin comprising (a) identifying a subject at risk of exposure or exposed to 
an organophosphate toxin; (b) providing an expression cassette comprising a promoter active in 
cells of said subject, a gene encoding PONl under the control of said promoter; and (c) 
administering to said subject said expression cassette under conditions permitting expression of 
PONl; wherein said expression cassette expresses PONl in said cell, providing protection from 
said organophosphate toxin. This claim is supported at page 4, lines 19-23 of the specification. 
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VI. Grounds of Rejection to be Reviewed on Appeal 

1. Are claims 1-5, 10-13, 17-25, 37-39 and 43 obvious under 35 U.S.C. §103 over 
Radtke (Exhibit 1) taken with Li et al. (Exhibit 2), Davies et al. (Exhibit 3), 
Adkins et al. (Exhibit 5) and Humbert et al. (Exhibit 6)? 

2. Are claims 1, 9, 14-16, 21, 36 and 30-42 obvious under 35 U.S.C. §103 over 
Radtke, Li et al, Davies et al, Adkins et al, and Humbert et al, further in view 
of Scheffler (Exhibit 4)? 

VII. Argument 

A. Standard of Review 

Findings of fact and conclusions of law by the U.S. Patent and Trademark Office must be 
made in accordance with the Administrative Procedure Act, 5 U.S.C. §706(A), (E), 1994. 
Dickinson v. Zurko, 527 U.S. 150, 158 (1999). Moreover, the Federal Circuit has held that 
findings of fact by the Board of Patent Appeals and Interferences must be supported by 
"substantial evidence" within the record. In re Gartside, 203 F.3d 1305, 1315 (Fed. Cir. 2000). 
In In re Gartside, the Federal Circuit stated that "the 'substantial evidence' standard asks 
whether a reasonable fact finder could have arrived at the agency's decision." Id. at 1312. 
Accordingly, it necessarily follows that an examiner's position on appeal must be supported by 
"substantial evidence" within the record in order to be upheld by the Board of Patent Appeals 
and Interferences. 
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Rejections Under 35 U.S.C. §103 



L Radtke, Li, Davies, Adkins and Humbert 

Claims 1-5, 10-13, 17-25, 37-39 and 43 stand rejected over Radtke (U.S. Patent 
6,521,226) in view of Li et al. (1995), Davies et al. (1996), Adkins et al. (1993) and Humbert et 
al. (1993). According to the examiner, Radtke provides all the necessary disclosure for 
recombinant expression of PON 1, including PONl Q and R, in humans, but fails to provide the 
motivation to do so in a subject exposed or at risk of OP toxicity. Li et al. is said to provide the 
missing motivation to use PONl expression vectors such as a treatment or prevention of OP 
toxicity given that the reference allegedly teaches that "paraoxonase protects animals against 
organophosphate toxicity." Davies et al. is cited as representative of knowledge in the field that 
"the main determinant of susceptibility to organophosphate poisoning is the activity level of 
PON 1 enzymes . . . across many species including hxunans." Adkins et al. and Humbert et al. 
are merely cited as teaching that PONl type R hydrolyzes paraoxon rapidly. Appellants traverse. 

To determine obviousness, the examiner must follow a strict set of guidelines from which 
he or she cannot deviate: 

To reach a proper determination under 35 U.S.C. 103, the examiner must step 
backward in time and into the shoes worn by the hypothetical "person of ordinary skill in 
the art" when the invention was unknown and just before it was made. In view of all 
factual information, the examiner must then make a determination whether the claimed 
invention "as a whole" would have been obvious at that time to that person. Knowledge 
of applicant's disclosure must be put aside in reaching this determination, yet kept in 
mind in order to determine the "differences," conduct the search and evaluate the "subject 
matter as a whole" of the invention. The tendency to resort to "hindsight" based upon 
applicant's disclosure is often difficult to avoid due to the very nature of the examination 
process. However, impermissible hindsight must be avoided and the legal conclusion 
must be reached on the basis of the facts gleaned from the prior art. . . . 

To establish a prima facie case of obviousness, three basic criteria must be met. 
First, there must be some suggestion or motivation, either in the references themselves or 
in the knowledge generally available to one of ordinary skill in the art, to modify the 
reference or to combine reference teachings. Second, there must be a reasonable 
expectation of success. Finally, the prior art reference (or references when combined) 
must teach or suggest all the claim limitations. The teaching or suggestion to make the 
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claimed combination and the reasonable expectation of success must both be found in 
the prior art, and not based on applicant's disclosure. In re Vaeck, 947 F.2d 488, 20 
USPQ2d 1438 (Fed. Cir. 1991). See MPEP § 2143 - § 2143.03 for decisions pertinent to 
each of these criteria .... 

MPEP §2142 (emphasis added). Here, appellants submit that the examiner cannot point to either 
an adequate motivation in the cited art or the field in general to support the combination of 
references, nor is there any indication that one of skill in the art would have fovind anything like 
a reasonable likelihood of success in practicing the invention as now claimed. 

At the outset, appellants readily acknowledge that Radke does indeed disclose 
information needed to provide for the recombinant expression of PONl Q and R. However, as 
has been pointed out repeatedly, and acknowledged by the examiner, this reference provides no 
motivation to use it for treating or preventing OP toxicity. In attempting to remedy this clear 
defect, the examiner previously attempted rely on Li et al. and Davies et al., and now turns 
additionally to Adkins et al. and Humbert et al. As will be shown, these references are limited 
technically, and thus do not support the present rejection as argued by the examiner. 

First, it is important to note that Li et al. isolated "PON" from rabbits, not PONl, and 
thus it is highly uncertain what this composition contained. They certainly report no effort to 
characterize the content of this composition. What is certain is that PONl L and PONl M were 
present, as well as PONl Q and PONl R, all in unknown distributions. Indeed, it is also quite 
possible that P0N2 and PONS enzymes were present. So, from the teachings of Li, one of skill 
in the art could not possibly know which element of the composition was protecting the animals 
from chlorpyrifos toxicity. So, even with Radtke and Li combined, one still cannot link PONl Q 
and/or R with protection from OP toxicity. 

Next, turning to Davies et al, this article does suggest a role for PONl Q and R in 
protection from OP toxicity and differential potency of the PONl Q and R isoenzymes in 

55375422.1 -5- 



hydrolyzing different OPs. However, Davies' demonstration of substrate specificity for PONl Q 
and R on serum samples tested in vitro was not sufficient to demonstrate that boosting PONl Q 
and R isoenzyme concentrations in vivo would successfully protect against OP poisoning. The 
experiment of Davies et al. simply tested the hydrolytic activity of 92 serum samples of hispanic 
subjects to several OP chemicals in vitro. They did not test whether boosting the PONl Q and R 
activity levels above what the subjects normally had would increase the protective effect. A 
genetic therapy depends on more factors than the gene activity for its success. For example, 
PONl Q and R isoenzymes are bound to the high density lipoprotein (HDL) particle in vivo, and 
it was possible that the concentrations of HDL particles (PONl binding capacity), or other 
physiologic factors, might have limited the hydrolytic effectiveness of the increases in 
production of the PONl Q and R isoenzymes by the genetic therapy device. Many other 
potential influences could have limited the effects or increased the toxicity of boosting PONl Q 
and R activity levels in vivo. None of these limitations could be discovered by simply measuring 
the differential hydrolysis rates of PONl isoenzymes on serum samples in vitro. 

The newly cited Adkins et al. and Humbert et al. references are argued as providing 
nothing more than point to PONl R as being more active in hydrolyzing paraoxon. Even if true, 
this cannot address the fundamental deficiency, set out above, that entirety of the cited references 
fail to not indicate what will happen when one boosts the levels of PONl R (or PONl Q). 

Finally, in contrast to the cited art, appellants were the first to demonstrate that substrate 
specificity was successfully produced by boosting PONl Q and R levels in vivo, removing the 
uncertainty over the many possibly perturbing influences and demonstrating that no apparent 
toxic effects limited its usefulness. Without this information, one skilled in the art could not 
possibly have assured that a genetic therapy for OP toxicity could be successfully produced and 
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offered. Likewise, Davies et al. state that ''We also show that the effect of the PONl 
polymorphism is reversed for the hydrolysis of diazoxon, soman and especially sarin, thus 
changing the view of which PONl isoform is considered to be protective" Abstract (emphasis 
added). Thus, it appears that Davies considered substrate specificity to be important, but 
determining such in vitro is not sufficient to predict what happens in vivo. This unpredictability 
is highlighted by Radtke, who taught that PONl Q was the only important PONl enzyme, albeit 
for atherosclerosis and not OP toxicity - an assertion now known to be false in the context of 
protecting against toxicity by some important OPs. Because the present inventors were the first 
to demonstrate the in vivo protective effects of PONl Q/R recombinant therapy, including that 
PONl R provided much better protection from chlorpyrifos than PONl Q, they were the first to 
enable such treatments. The recently added citations of Adkins and Humbert do nothing to 
address this defect. 

In sum, Radtke showed how to use PONl Q and R in genetic therapy but held that only 
PONl R was useful, Li showed that infusing an unspecified "PON" mixture imparts protection 
from OP's in vivo, Davies showed that varying PONl Q and R confer different levels of 
protection to different OP's, but these were innate levels that were not boosted, and Adkins and 
Humbert do no more than provide limited information on the relative activities of PONl Q and R 
on a single agent - paraoxonase. However, none of these papers address the question of whether 
boosting both PONl QorR will protect differentially from OP exposures in vivo. There simply 
were too many unknowns that had not been addressed, any of which could have made the 
concept fail. Only by performing the experiment in vivo and showing that it worked could one 
claim to have possession of the reasonable predictability needed for obviousness, and that 
showing is missing from the prior art. 
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The examiner has attempted to counter these very strong arguments, not by any scientific 
rebuttal, but by taking refuge behind three legal principles - first, that appellants have no 
"evidence" of unpredictability; second, that appellants are "arguing the references separately"; 
and third, that the recent KSR decision provides some sort of carte blanche for trivializing the 
motivation requirement of §103 rejections. As will be explained, all of these arguments are 
false. 

Addressing the evidence of unpredictability, appellants continue to believe that the U.S. 
PTO is estopped in this case from taking the position that gene therapy is a predictable art (if it 
were not taking this position, there would be no basis for challenging appellants' statements in 
this regard). Regardless, it is not necessary to discuss the general position of the PTO on gene 
therapy here for the simple reason that the present examiner has already gone on record in this 
prosecution that gene therapy is, in fact, unpredictable: "Thus, at the time the application was 
filed, the state of the art for gene therapy was considered highly unpredictable." Office Action of 
August 23, 2005, page 6; Office Action of May 17, 2006, page 5. The examiner cannot now 
argue there is only attorney argument to support this issue. 

The examiner argues that because the rejection has been withdrawn in view of appellants' 
"argument," prior comments on the record are somehow irrelevant. Nothing could be fijrther 
from the truth. Appellants overcame the enablement rejection not by arguing in favor of 
predictability, but by showing that present invention worked in an art accepted animal model. 
Thus, the factual statement, made by and stood behind the by the PTO, that gene therapy is 
unpredictable, cannot simply be "waived off when it no longer suits the PTO's purposes. 

Turning to the question of "arguing references separately," appellants submit that this is 
not what the record reveals. Rather, what appellants have done is to point out specific defects in 
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each reference that undercut the examiner's attempted extrapolations. The skilled artisan would 
have read each of these references at the time the present invention was made and drawn from 
them only that which the science therein supports. Thus, it is only fair to for appellants to filter 
the teachings of these references in the same way that the skilled artisan would before combining 
their teachings. To do otherwise is to ignore that basic tenets of science that guide and direct the 
skilled artisan. As such, the arguments regarding examining the references individually simply 
do not hold any merit. 

Lastly, the examiner has improperly cited KSR as supporting the combination of five 
fundamentally limited references. While that case did indeed address the question of how 
explicit a suggestion in the art must be in order to support combining of various art, and thus 
whether motivation to combine can be established from more general teachings in the field, it did 
not change decades of case law requiring that motivation must be present. Indeed, the 
Supreme Court stated that such an obvious to try rationale may support a conclusion that a claim 
would have been obvious where one skilled in the art is choosing from a finite number of 
identified, predictable solutions, with a reasonable expectation of success. KSR International 
Co. V. Teleflex Inc., 127 S. Ct, 1727, 1742, 82 USPQ2d 1385, 1397 (2007). However, where 
obvious to try means that one would have to "vary all parameters or try each of numerous 
possible choices until one possibly arrived at a successful result, where the prior art gave either 
no indication of which parameters were critical or no direction as to which of many possible 
choices is likely to be successfiil that would not satisfy §103. In re O'Farrell, 853 F.2d 894, 
903, 7 USPQ2d 1673, 1681 (Fed. Cir. 1988). Similarly, where obvious to try means the 
exploring of "a new technology or general approach that seemed to be a promising field of 
experimentation, where the prior art gave only general guidance as to the particular form of the 
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claimed invention or how to achieve it that too would be insufficient. Id. Here, there is 
clearly no "finite number of identified, predictable solutions" from which the skilled artisan 
could choose, as the examiner's own earlier admission recognized, not to mention the failure of 
Radtke to exploit this allegedly "obvious" aspect of PON 1 gene therapy. 

Thus, though the prior art may have pointed in the general direction of using PONl to 
treat or protect from OP toxicity, the art relied upon is technically limited, and the entire 
endeavor is acknowledged to be far too speculative for those of skill in the art to consider it in 
any way predictable or straightforward. As such, no prima facie case can be deemed to have 
been made out. Reversal of the rejection is therefore again respectfully requested. 

iL Radtke, Li, Davies, Adkins, Humbert and Scheffler 

Claims 1, 9, 14-16, 21, 36 and 40-42 are rejected as obvious over Radtke, Li et al, 
Davies et al, Adkins et al. and Humbert et al, further in view of Scheffler (U.S. Patent 
5,721,118) under §103. The first three references are cited as above, and Scheffler is cited as 
teaching poly-A sequences and various promoters. Appellants traverse. 

As discussed above, Radtke, Li, Davies, Adkins and Humbert do not render the present 
invention obvious. Scheffler, providing only structural elements for expression vectors, does not 
cure this defect, and as such, this rejection is improper as well. 

Thus, for the reasons set forth above, reversal of this rejection also is respectfully 
requested. 
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C. Conclusion 

In light of the foregoing, appellant respectfully submits that all pending claims are non- 
obvious under 35 U.S.C. §103. Therefore, it is respectfully requested that the Board reverse each 
of the pending rejections. 

Rppacyt&illy submitted, 

Date: January 22. 2009 

Fulbright & Jaworski L.L.P. 
600 Congress Ave., Suite 2400 
Austin TX 78701 
512-536-3184 



Steven II. Highlander 
rW. No 37,642 
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VIII. APPENDIX A - APPEALED CLAIMS 

1 . A method of protecting a cell from organophosphate toxin comprising: 

(a) identifying a cell at risk of exposure or exposed to an organophosphate toxin; 

(b) providing an expression cassette comprising a promoter active in said cell and a 
gene encoding PONl under the control of said promoter; and 

(c) transferring said expression cassette into said cell under conditions permitting 
expression of PONl; 

wherein said expression cassette expresses PONl in said cell, providing protection from 

said organophosphate toxin. 

2. The method of claim 1 , wherein PON 1 is PON 1 type Q. 

3 . The method of claim 1 , wherein PON 1 is PON 1 type R. 

4. The method of claim 1 , wherein said cell expresses PONl type Q. 

5. The method of claim 1 , wherein said cell expresses PONl type R. 

9. The method of claim 1 , wherein said expression cassette ftirther comprises a 

polyadenylation signal. 

10. The method of claim 1 , wherein said expression cassette is further comprised within a 
vector. 

11. The method of claim 1 0, wherein said vector is a viral vector. 

12. The method of claim 1 1, wherein said viral vector is a herpesviral vector, a retroviral 
vector, an adenoviral vector, an adeno-associated viral vector, a polyoma viral vector, and 
a vaccinia viral vector. 

13. The method of claim 1 1 , wherein said viral vector is an adenoviral vector. 



55375422.1 



-12- 



14. The method of claim 1, wherein said promoter is a constitutive promoter. 

1 5 . The method of claim 1 , wherein said promoter is an inducible promoter. 

1 6. The method of claim 1 , wherein said promoter is a tissue specific promoter. 

17. The method of claim 4, wherein said expression cassette increases PONl type Q 
expression by about 10-fold. 

18. The method of claim 5, wherein said expression cassette increases PONl type R 
expression by about 10-fold. 

1 9. The method of claim 1 , wherein said cell is a liver cell. 

20. The method of claim 1 , wherein said cell expresses low levels of PONl type Q or R as 
compared to the general population. 

21. A method of protecting a subject from an organophosphate toxin comprising: 

(a) identifying a subject at risk of exposure or exposed to an organophosphate toxin; 

(b) providing an expression cassette comprising 

(i) a promoter active in cells of said subject, 

(ii) a gene encoding PONl under the control of said promoter; and 

(c) administering to said subject said expression cassette under conditions permitting 
expression of PONl; 

wherein said expression cassette expresses PONl in said cell, providing protection from 
said organophosphate toxin. 

22. The method of claim 21, wherein PONl is PONl type Q. 

23 . The method of claim 2 1 , wherein PON 1 is PON 1 type R. 
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24. The method of claim 38, wherein said viral vector is a herpesviral vector, a retroviral 
vector, an adenoviral vector, an adeno-associated viral vector, a polyoma viral vector, and 
a vaccinia viral vector. 

25 . The method of claim 2 1 , w^herein administering comprises intravenously or 

intraarterially. 

36. The method of claim 21 , wherein said expression cassette further comprises a 
polyadenylation signal. 

37. The method of claim 2 1 , wherein said expression cassette is further comprised within a 

vector. 

38. The method of claim 37, wherein said vector is a viral vector. 

39. The method of claim 38, wherein said viral vector is an adenoviral vector. 

40. The method of claim 2 1 , wherein said promoter is a constitutive promoter. 

4 1 . The method of claim 2 1 , wherein said promoter is an inducible promoter, 

42. The method of claim 2 1 , wherein said promoter is a tissue specific promoter. 

43. The method of claim 21, wherein cells of said subject express low levels of PON 1 type Q 
or R as compared to the general popvilation. 
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IX. APPENDIX B - EVIDENCE CITED 

Exhibit 1 - Radtke, U.S. Patent 6,521,226 

Exhibit 2 -Lie/ a/. (1995) 

Exhibit 3 - Davies et al (1996) 

Exhibit 4 - Scheffler, U.S. Patent 5,721,1 18 

Exhibit 5 - Adkins et al. (1993) 

Exhibit 6 - Humbert et al. (1993) 
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X. APPENDIX C- RELATED PROCEEDINGS 

None 
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METHOD OF USING PON-1 TO DECREASE 
ATHEROMA FORMATION 

CROSS-REFERENCE TO RELATED 
APPUCAnON 

This application is a division of application Ser. No. 
09/199,672, filed Nov. 25, 1998 no^ U.S. Pat. No. 6,391, 
298. 



atherosclerosis. S. Parthasarathy and coworkers have shown 
that incubation of HDL with oxidatively-modified LDL 
results in inhibition of production of thiobarbituric acid- 
reactive products (TEARS) (Parthasarathy, S. et al., "High- 
density lipoprotein inhibits the oxidative modification of 
low-density lipoprotein," Biochim. Biophys. Acta 1044:275 
(1990)). However, the mechanism for HDL's antioxidative 
function remains unknown. In another study, Klimov et al. 
injected 200 mg of human HDL3 into rabbits which had been 
J rendered hypercholestetolemic by cholesterol feeding. Total 
plasma conjugated dienes and trienes were reduced by 
20-30% six hours after the injection and remained at that 
reduced level up to twenty-four hours after the injection 
(Klimov, A. N., et al., "Antioxidative activity of high density 
5 lipoproteins in vivo," Adiemsclerosis 100:13 (1993)). 

Antioxidant therapy has been shown to improve endot- 
helial cell function in patients with hypetcholestetolemia 
and coronary artery disease (Anderson, T J, et al., "The 
effect of cholesterol-lowering and antioxidant therapy on 
0 endothelium-dependent coronary vasomotion," N. Engl. J. 
Med. 332:488 (1995)). The Cambridge Heart Antioxidant 
Study (CHAOS) randomized 2,002 patients with proven 
coronary disease to vitamin E, 400 to 800 I.U., or placebo. 
After a median follow-up of 1.4 years, antioxidant treatment 



BACKGROUND 

1, Field of the Invention 

The invention relates generally to the field of heart disease 
and cardiovascular disease. More specifically, the invention 
is directed to a method of decreasing atheroma formation in 
mammals, by administration of paraoxonase-l (PON-1), an 
expressed protein that has hydrolase activity for 
organophosphates, and antioxidation activity for low- 
density lipoprotein (LDL). 

2. Background 

It is by now well-accepted that atherogenesis and hyper- 
lipidemia are intimately related. Atherogenesis involves the 
build-up of diolesterol within the endothelium of arterial 

walls and the subsequent formatioa of placques. Placques reduced the primary endpoint of cardiovascular death and 

can fissure, ultimately causing thrombus formation which nonfatal MI by 47 percent (41 v. 64 events) (Stephens, N. G., 

may lead to stroke or myocardial infarction. Of the two etal., "Randomized controlled trial of Vitamin Bin patients 

forms of lipoproteins, high-density (HDL) and low-density vvith coronary disease: Cambridge Heart Antioxidant Study 

lipoprotein (LDL), LDL is positively correlated with (CHAOS)," Lancet 347:781 (1996)). 
placque formation, while HDL is thought to be anti- ^ Paraoxonase (PON) is a protein secreted by the liver that 

atherogenic through the reverse cholesterol transport mecha- found primarily in serum. The name is derived from its 

nism (see below). ability to hydrolyze the organophosphate paraoxon in vivo. 

The lipid transport system is divided into two major There are 3 known allelic forms of PON. Serum 
pathways, the exo^nous pathway (dietary triglycerides and paraoxonase/arylesterase (PON-1) is a 354 residue 43-45 
cholesterol absoAed by the intestine) and the endogenoiK 35 feDa A-esterase associated with HDL (Kelso, G. J., et al., 
pathway (triglycerides and cholesterol secreted by the liver). "^^lipoprotein J is associated with paraoxonase in human 
The reverse cholesterol transport system, mediated by HDL, plasma," Biochemistry 33: 832r-839 (1994)). It is well- 
is involved in both pathways and is thought to be a major known to be involved in the hydrolysis of several organo- 
non-receptor based mechanism for removal of cholesterol by phosphate insecticides (Murphy, S. D. in Toxicology: The 
HDL. TWo subsets of HDL are involved in reverse choles- 4Q Basic Science of Poisons, (eds. Doull, J., Klassen, C, & 
terol transport, HDL2 and HDL3. Nascent HDL accumu- Amndur, M.) 357-408, Macmillan, New York, (1980); 
lates cholesterol from cell membranes. The circulating Tafuri, J., etal., "Organophosphate poisoning," Ami. £mejg^. 
enzyme lecithin-cholesterol acyltransferase ("LCAT") asso- Med. 16:193-202 (1987)). P0N2 and P0N3 are known 
dates with HDL and esterifies free cholesterol, cauang tiie allelic variants that have similar sequences. It is not known 
esterifled diolesterol to move into the core. HDL3 particles 45 if P0N2 or P0N3 are e^qiressed in vivo. U.S. . Pat. Nos. 
accumulate diolesteryl ester, and as it accumulates HDL3 5,792,639 and 5,629,193 (Human Genome Sdences) are 
becomes HDL2, vs*ich is rich in cholesteryl ester. The directed to a human paraoxonase gene, its assodated vectors 
cholesteryl ester in HDL2 is then exchanged for triglyceride and transformed host cells and their use to detoxify orga- 
with the aid of cholesteryl ester transfer protein, converting nophosphates in vivo and for a neuroprotective effect. The 
HDL2 back to HDL3, which is then able to accumulate more 50 DNAsequence claimed by HGS is likely that of P0N2 based 
free diolesteroL HDL is thought to be antiatherogenic on homology searching. An alignment of the PONl and 



through the reverse cholesterol transport system, because of 
its ability to take up e»sss free diolesteioL 

Ondation of LDL is a key intermediate in the formation 
of atherogenic placques. It has been found that LDL must 
undergo modification before it can be ingested by macroph- 
ages to form foam cells, which are important components of 
atherosclerotic pkcques (Stdnbeiqg, D., et al., "Beyond 
dx)lesteiok modifications of km-deasity dralesterol that 
increase its atherogcmdly," N. EngL J. Med. 320:915 
(1989)). In vivo, oxidation is probably the most frequent 
form of DDL modification. OxidizBd LDL not only contrft- 
utes to die formation of foam ceHs, but also is diemotactic 
for circulating monocytes, is cytotoidc, and in^aiis endot- 
helial fimction. 
HDL was found to inhibit LDL ondation, ■widdb. is 
by v^di HDL may reduce 



PON2 nudeic add sequences shows 69% identity. Th^e is 
no sugi^stion in either the '639 or the '193 patents for the 
use of paraoxonase to reduce atheroma formation described 
55 herein. 

The physiologic activity of the PON family members was, 
until recently, unknown. It has recently been postulated that 
PON may play a role as an in vivo antioxidant that may 
reduce the peroxidation of LDL (Madmess, M. 1^ et aL, 
60 "HDL, its enzymes and its potential to influence Upid 
peroxidation," Atherosclerosis 115:243-253 (1995)). 
Howevei; the same review stated that other enzymes lea- 
deat on HDL may also play the same role, sudi as platelet 
activating Cador acetylhydrolase (Stafforini, D. M, et aL, 
65 plasma PAFaoetylhydrolase prevents oxidative modi- 
fication of low d«i^ IqK^rotdn," J. I^wrf Mediators Cell 
10:53(1994)). 
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Several human population studies have revealed signifi- upregulate), and heterozygotes respond , half as well as 

cant associations between the common polymorphisms of normals. Niacin is effective in lowering LDL, but is poorly 

the PONl gene and coronary artery disease (CAD) (Ruiz, J., tolerated. Non-pharmacologic treatment includes weekly 

et al., "Gln-Argl92 polymorphism of paraoxonase and coro- plasmapheresis, partial ileal bypass, protocaval shunts, and 
nary heart disease in type 2 diabetes," Lancet 346: 869-872 s liver transplants. 

(1995); Serrato,M.,etal.,"Avariantof human paraoxonase/ j^^^^ ^ ^.j^^^ ^^^^ alternative treatments for those 

arylesterase (HUMPONA) gene is a risk factor for coronary ^ exhibiting hypercholesterolemia, particularly famil- 

artery disease," J. Clin. Invest. 96: 3005-3008 (1995)). Also, P ^ hypercholesterolemia. 
PONl has the capacity to destroy certain promfiammatory 

oxidized phospholipids found in oxidized LDL (Mackness, SUMMARY OF TOE INVENTION 
M. I., et al., "Paraoxonase prevents accumulation of lipop- 

eroxides in low-density lipoprotein," FEES Lett 286: This invention is directed to a method of decreasing 

152-154 (1991); Watson, A. D., et al., "Protective efiEect of atheroma formation in a mammal comprising administering 

HDL associated paraoxonase-inhibition of the biological a pharmaceutically effective amount of PON-1 or its func- 

activity of minimally oxidized low density lipoprotein," /. tional equivalent. It is shown herein in an animal model that, 

Clin. Invest. 96: 2882-2891 (1995)). Again, there has been surprisingly, PON-1 can act to reduce the area of aortic 

no isolation of the mechanism except to suggest that lesions, which are predictive of future atherosclerotic 

paraoxonase may be involved. plaoques (atheromas). This discovery represents a potential 

Mackness et al. ("Is Paraoxonase related to pharmacological treatment for FH that shouM be beneficial 
Atherosclerosis," Chem.-Biol Interactions 87:161-171 ^ for hypercholesterolemia gpnerally. 

(1993)) discuss the evidence for an anti-oxidative role for It is an object of the invention to provide a method for 

paraoxonase. In this paper they investigated the serum decreasing atheroma formation in a mammal by adminis- 

paraoxonase activity in two populations prone to developing tering a pharmaceutically efEbctive amount of PON-1 or its 

atherosclerosis, patients having familial hypercholester- fiinctional equivalent, thereby decreasing the potential for 
olemia (FH) and IDDM (insulin-dependent diabetes 25 atherosclerosis. 

mellitus). They showed a statistically significant increase in n jg another object of the present invention to provide a 
the percentage of the population in the low paraoxonase treatment for those afflicted with FH. 
activity group in both FH and IDDM, two diseases mani- 
festing a high occurrence of atherosclerosis. In addition, BRIEF DESCRIPTION OF THE FIGURES 
Mackness etaL studied, in an in vitro LDLoxidation model, 30 nr>M 1 
thepossibleroleofparaoxonasebyaddingsmallamountsin ^ F G. 1 is a graphical represen^tion of plasma PON-1 
the presence of U)L under oxidative conditions. They (arylesterase assay) activity of IJDLR KO mice after receiv- 
concluded that paraoxonase is 300 times more active in ing an mtramuscular (i.m.) mjecUon with 290 unite of 
S^venting LDL oxidation than is HDL or its subfractions. hmnan PON-1 192Q Mif were bled at the mdieated tunes 
However, they conclude that how paraoxonase protects LDL 35 (0. 8, 24 and 48 his) and PON-1 actmties measured, 
against oxidation in this model has yet to be determined, and FIGS. 2A and 2B are bar graphs showing the amount of 
several possibilities are discussed. human PON-1 present in mouse serum 24 hours after 
In genetic studies with mice, PONl mRNA and protein injection, either on day 7 (FIG. 2A) or on day 28 (FIG. 2B). 
levels conelafe inversely with aortic lesion size (Shih, D. Control mice received buffer. 

M.,etal., "Genetic-dietary regulation of serum paraoxonase 40 FIGS; 3A throu^ D are Western Blots showing the 

expression and ite role in atherogenesis in a mouse model," generation of anti human PON-1 antibodies in mice treated 

J. Clin. Invest. 97: 1630-1639 (1996)). These daU suggest vvith human PON-1, over the course of the study, 

that PONl activity may bear some relationship to HDL p|Q 4 js a bar graph comparing aortic lesion size in 

levels and CAD observed in population studies (Tall, A., lDLR KO mice in PON-1 treated v. control-treated groups. 

"Plasma high density lipoproteins: Metabolism and relation- 45 

ship to atherogenesis," J. Clin. Invest. 86: 379-384 (1990)). DETAILED DESCRIPTION OF THE 

Familial hyperdiolesterolemia is a genetic disorder that INVENTION 

resulls in duonically levels of serum cfaolesteiol, Defiiutions 

indnding both HDL and LDL. The disorder is also charao- The term "paraoxonase?' refios to any of the three known 

terized as an LDL receptor defect It is autosomal dominant 50 alleles of the glycoprotein raizyme known as paraoxonase 

with prevalence estimates of 1 homozygote per milKon of ("PON"), namely PONl P0N2 and P0N3, and their 

population. The LDL receptor normally participates in the naturally-occurring variants. PON isolated from serum is 

' uptake and subsequent elimination of LDL by hepatocytes. called "serum paraoxonase," also PON-1. PON-1 is the only 

Accumulation of IJ3L in these patients is a result of the IX)L known allele to be expressed, and is present chiefly in serum, 

lec^tor defect. ThoK are definite high-incidence popula- ss In humans there is a known PON-1 variant at amino acid 

tions due to a founder «^Bfect, with French Canadians being position 192 called the "192Q" variant that has higher 

the best known. The- heterozygotes develop xanthomas at anti-atherogenic activity than do the other variants. In popu- 

20-30 years with atherosclerotic heart disease by 40-50 lations of European ancestry, the distribution seems to be 

years in males and 50-€0 years in females. Homozygotes polymorphic, with low and hij^ activity sub-forms. 192R is 

usually do not survive beyond their thirties, due to cardiac eo the low-activity variant. The term "PON-1 and its func^oial 

infarctions caused by excessive placque accumulation. They equivalents" means any paraoxonase or firagment, deletion 

have total diolesteiol m Hw 500-1,000 mg/dl range, develop variant, substitution variant or derivative having antioxida- 

xanthomas by agp 6, and devetop symptomatic coronary tive activity towards atherogenic lq)ids at least as effective 

artery disease by age 10. as native PON-1. 

Tleatnwnt of LDLreceptor defiraoit patiente is pn*lem- 65 PON-1, as in oflier proteins, can be varied at ^ped&c 

atic. H<Hnozyffl)tes do not le^ond to HMG-CoA reductese annno add readue posWons to create other vaiianfe of 

iM>itors (they have no functional LDL realtors to native PON-1 ("mntelns"). These variants may have more. 
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less or the same native activity, depending on whether the atylesterase," Proc. Natl. Acad. Sci. USA 92: 7187-7191 

amino acid substitutions affect the active site, the substrate (1995)). Supplementary active compouods can also be 

specificity, the folding of the protein, etc. We prefer conser- incorporated into the compositions, 

vative modifications and substitutions at other positions of A pharmaceutical composition of the invention is formu- 

PON-1 (i.e., those that have a minimal effect oo the sec- 5 lated to be compatible with its intended route of adminis- 

ondary or tertiary structure of the protein). Such conserva- tration. Examples of routes of administration include 

tive substitations include those described by Dayhoff in The parenteral, e.g., intravenous, intradermal, subcutaneous, oral 

Atlas of Protein Sequence and Structure 5 (1978), and by (e.g., inhalation), transdermal (topical), transmucosal, and 

Argos in EMBO J., 8:779-785 (1989). For example, amino rectal administration. Solutions or suspensions used for 

acids belonging to one of the following groups represent lo parenteral, intradermal, or subcutaneous application can 

conservative changes: include the following components: a sterile diluent such as 

ala pro, gly, gin, asn, ser, thr; water for injection, saline solution, fixed oils, polyethylene 

' ser' t r 'thr ' ' ' ' glycols, glycerine, propylene glycol or other synthetic sol- 

cys, ser, yr, r, vents; antibacterial agents such as benzyl alcohol or methyl 

val, ile, leu, met, ala, phe; ^5 parabens; antioxidants such as ascorbic acid, tocopherol or 

lys, atg, his; sodium bisulfiite; buffers such as acetates, citrates or phos- 

pbe, tyr, trp, his; and phates and agents for the adjustment of tonicity such as 

asp, glu. sodium chloride or dextrose. pH can be adjusted with acids 

We also prefer modifications or substitutions that do not or bases, such as hydrochloric add or sodium hydroxide, 

introduce sites £Dr additional intermolecular crosslinking or 20 The parentfiral preparation can be enclosed in ampoules, 

incorrect disulfide bond fonnatioa. For example, PON-1 is disposable syringes or multiple dose vials made of glass or 

known to have 2 cysteine residues, at wild-type positions 41 plastic. 

and 352 of the mature sequence. Pharmaceutical compositions suitable for injectable use 

PON-1 can be isolated from human serum or human include sterile aqueous solutions (where water soluble) or 

plasma (Gan, K. N., et al., "Purification of human serum 25 dispersions and sterile powders for the extemporaneous 

paraoxonase/arylesterase. Evidence for one esterase cata- preparation of sterile injectable solutions or dispersion. For 

lyzing both activities," Drug Metab. Dispos. 19(l):100-6 intravenous administration, suitable carriers include physi- 

(1991)) or can be made through recombinant methods. U.S. ©logical saline, bacteriostatic water, Cremophor EL™ 

Pat. Nos. 5,792,639 and 5,629,193 ate directed to P0N2 (BASF, Parsippany, NJ.) or phosphate buffered saline 

genes, proteins and methods of making and using PON-2, 30 (^BS). In all cases, the compositioa must be sterile and 

and those e^ies^on methods are expressly incorporated should be fluid to the extent that easy syiingability exists. It 

herein in their entirety. One of ordinary skill is able to use must be stable under the conditions of manufacture and 

the teachings therein, and combine bem with tiie known storage and must be preserved against the contaminating 

sequence of PONl (SwissProt Accession No. Q16052; ED action of microorganisms such as bacteria and fimgi. The 

PONl HUMAN) to express the PON-1 protein without 35 carrier can be a solvent or dispersion medium containing, for 

xmdue experimentation. example, water, ethanol, polyol (for example, glycerol. 

Similarly, if one wished to produce the 192Q or any other propylene glycol, and liquid polyetheylene glycol, and the 
variant, a DNA sequence is constructed by isolating or like), and suitable mixtures thereof. The proper fluidity can 
synthesizing a DNA sequence encoding the wild ^pe PON be mainUined, for example, by the use of a coating such as 
and then changing the native codon for position 192 to a 40 kcitfain, by the maintenance of the required particle size in 
desired codon by site-spedfic mutageneas. This technique the case of diversion and by the use of surfactants. Pie- 
is well known. See, e.g., Mark et aL, "Site-spedfic Mutagen- vention of tbs action of midootganisms can be adiieved by 
esisOfThe Human Fibroblast Interferon Gene", Plnoc/toi various antibacterial and antifm^al j^nts, for example, 
Acad. ScL USA 81, pp. 5662r-66 (1984); and U.S. Pat. No. parabens, dilorobutanol, phenol, ascorbic acid, thimerosal, 
4,588,585, incorporated herein by reference. is and the like. In many cases, it will be preferable to include 

The biological activity of the PON-1 gtyooprotdn of this isotonic agents, for example, sugars, polyalcohok sudi as 

invention can be assayed by any suitable melbod known in manitol, sorbitol, sodium chloride in the composition. Pro- 

the ait. Two methods are disclosed herein, the paiaoxonase longed absoiption of the injectable oon^itioiis can be 

assay, and the arylesterase assay. (See L Methods, betow). brou^t about by induding in the conqioalion an agent 

Pharmaceutical Compositions 50 which delays absorption, for example, aluminum 

The PON-1 protein (also referred to herein as "active monostearate and gelatin, 

compounds") of the invention can be incorporated into Sterile injectable solutions can be prepared by incotpo- 

pharmaceutical compositions suitable for administration. eating the active compound (e.g., a PON-1 protein or anti- 

Sudi compositions typically comprise the protein and a PONl antibody) in the required amount in an appropriate 

pharmaceutically acceptable carrier. As used herein the 55 solvent with one or a combination of ingredients enumerated 

language "pharmaceuticany acceptable carrier" is mtended above, as required, followed by filtered sterilization, 

to include any and all solvents, dispersion media, coatings. Generally, diversions are prepared by incorporating the 

antibacterial and antiflngal agents, isotonic and absoiption active confound into a sterile vehide whidi contains a 

delaying agents, and the libB, compatible widi phaimaoeu- basic dispo^on medium and die required afbet ingredients 

tical administration. The use of sii^ oiBdia and agents, for 60 firom those eonmeraled above. In die case of stoilepowd^ 

pharmaceutically active siibstances is well known in the art for tiie prqiaration of stoile iqectable solutions, the pre- 

Except insofar as any conventional media or agent is incom- feired melliods of preparation are vacuum drying and fieeze- 

pat3}le with tbs> active conqjound, use tfaoeof in the com- drying vdiich yields a powder of the active ingredient plus 

positions is contmplated. For instance, it is known that any additional desired ingredient from a previously sterile- 

PON-1 is a calcium-dependent protein, having several cal- 65 filtered solution tfaercoL Stabilizers such as albumin, HDLor 

dum binding kxjps (Sorenson et al., "Reconsideration of the a sugar such as sucrose, or caldum ions may also be 

catalytic center and mechanism of mammalian paraoxonase/ included to increase the shelf-life of the protein. 



us 6,521,226 Bl 



Oral compositions generally include an inert diluent or an 
edible carrier. They can be enclosed in gelatin capsules or 
compressed into tablets. For the purpose of oral therapeutic 
administration, the active compound can be incorporated 
with excipients and used in the form of tablets, troches, or 
capsules. Oral compositioas can also be prepared using a 
fluid carrier for use as a mouthwash, wherein the compound 
in the fluid carrier is applied oraDy and swished and expec- 
torated or swallowed. Pharmaceutically compatible binding 



effect to be achieved, and the limitations inherent in the art 
of compounding such an active compound for the treatment 
of individuals. 

General guidance regarding dosage and compositions is 
available in Remington's Pharmacautical Science by E. W. 
Martin, hereby in coiporated by reference. 

The invention is further directed to a method of diagnos- 
ing predisposition to hypercholesterolemia by assessing the 
level of native circulating PON-1 in a mammal. The results 
of the animal testing presented herein show that PON-1 



agents, and/or adjuvant matends can be included as part of :o ^^^-^-^^^^^-^^ .^duce, by a surprising factor, the build- 
the composition. The tablets, pills, capsules, troches and the . . „. . . 

like can contain any of the following ingredients, or com- 



pounds of a similar nature: a binder such as microcrystalline 
cellulose, gum tragacanth or gelatin; an excipienl such as 
starch or lactose, a disintegrating agent such as alginic acid, i 
Ptimogel, or com starch; a lubricant such as magnesium 
stearate or Sterotes; a glidant such as colloidal silicon 
dioxide; a sweetening agent such as sucrose or saccharin; or 
a flavoring agent such as peppermint, methyl salicylate, or 
orange flavoring. 2 

For administration by inhalation, the compounds are 
delivered in the form of an aerosol spray from a pressured 
container or dispenser which contains a suitable propellant, 
e.g., a gas such as carbon dioxide, or a nebulizer. 

Systemic administration can also be by transmucosal or 5 
transdermal means. For transmucosal or transdermal 
administration, penetrants appropriate to the barrier to be 
permeated are used in the formulation. Such penetrants are 
generally known in the art, and include, for example, for 
transmucosal administration, detergents, bile salts, and : 
fusidic acid derivatives. Transmucosal administration can be 
accomplished through the use of nasal sprays or supposito- 
ries. For transdermal administration, the active compounds 
are formulated into ointments, salves, gels, or creams as 
generally known in the art. 

The compounds can also be prepared in the form of 
siqipositories (e.g, with conventional suppository bases 
such as cocoa butter and .oth« gjycaides) or retention 



up of fatty streaks in mouse aortic tissues. Thus, detection 
and monitoring of PON-1 levels in a mammal may be 
diagnostic of subsequent atheroma formation, which is 
predictive of atherosclerosis. Assays such as are presented 
here for paraoxonase or arylesterase may be the basis of such 
a diagnostic method. The method may take into account the 
genetic differences between sub-populations which express 
phenotypic variations in PON-1 which are correlated voth 
higher than normal cardiovascular events. For instance, the 
PON-1 192Q phenotype has been correlated with hi^er 
paraoxonase activity than the 192R phenotj^e. 

It would be expected that an assay may be based on 
measuring either phenotype separately, and/or the ratio of 
these two phenotypes present in an individual in order to 
predict their individual susceptibility to atherosclerosis. 

Also contemplated is the use of DNA sequences encoding 
PON-1 in gene therapy applications. Gene therapy applica- 
tions contemplated include treatment of those diseases in 
which PON-1 is expected to provide an effective therapy due 
to its ability to decrease lipid oxidation such as 
atherosclerosis, and diseases that are otherwise responsive to 
lipid oxidation levels. Familial hypercholesterolemia, which 
is mani£Bsted by the lack of expiesaon of LDL recqitois, is 
one sudi disease that results in very high levels of circulat- 
ing cholesterol, tr^lycerides and related %ids. 

Local delivery of PON-1 using gene therapy may provide 
the thers^eutic agent to the target area. Both in vitro and in 
vivo gene therapy methodologies are contemplated. Several 
methods for transferring potentially therapeutic genes to 



enemas for rectal delivery. ^ mcmous voi uau^jLcumii L/ui^uuauy tu^iauvuuv^ ^^uvo 

In one embodunent, the active compoun^ are prepared 40 ^^^^ populations are known. See, e.g., MuUigan, 
with earners that wiU protect the compound against rapid ^ ^^.^ g^.^^^ q^^^ Therapy", Science, 260: 
elimination from the body, such as a controUed rekase ^^g-Sl (1993) Tliese methods include: 
formulation, including implants and microencapsulated ^^^^^ ^^^^^ 

delivery systems. ' - . ^ , , . ^' 

Biodegradable, biocompatible polymers can be used, sucfa 45 
as ethylene vinyl acetate, polyanhydrides, polyglycolic acid, 
collagen, polyorthoesters, and polylactic add. Methods for 
preparation of such formulations will be apparent to those 
skilled in the art The materials can also be obtained com- 
mercially from Alza Coqioration and Nova Pharmaceuticals, so 
Inc. Liposomal suspensions (including liposomes targeted to 



infected cells with monoclonal antibodies to viral antigens) 
can also be used as pharmaceutically acceptable carriers. 
These can be prepared according to methods known to those 
skilled in the art, for example, as described in U.S. Pat. No. 55 
4,522.811. 

It is especially advantageous to formulate oral or 
parenteral compositions in dosage unit form for ease of 
administration and uniformity of dosage. Dosage unit form 
as used herein refers to physically discrete unite suited as 60 
unitary dosages for the subject to be treated; cac* unit 
containing a predetermined quantity of active con^cnmd 
calculated to produce the desired therapeutic effect in asso- 
ciation with the required pharmaceutical carri^ The speci- 
fication for the dosage unit forms of flie invention are 65 . 
dictated by and directly dcpeadeat on tbe unicpie c^acter- 
KStics of ^ active oompound and die particular titeiapeutic 



Gene transfer Into Mouse Muscle In Vivo", Science, 
247:1465-68 (1990); 

2) Liposome-mediated DNA transfer. See, e.g., Caplen at 
al., "Liposome-mediated CFTR Gene Transfer To The 
Nasal Epithelium Of Patients \Wth Cystic Fibrosis", 
NatureMed. 3: 39-46 (1995); Crystal, "The Gene As A 
Drug"', Nature Med. 1:15-17 (1995); Gao and Huang, 
"A Novel Cationic L^osome Reagent For EfiBcaent 
UransfBction Of Mammalian Cells", Biochem. BiajAys. 
Res. Catim., 179:280-85 (1991); 

3) Retrovirus-mediated DNA b-ansfer. See, e.g., Kay et 
al., "In Vivo Gene Therapy Of Hemophilia B: Sus- 
tained Partial Correction In Factor DC-Deficaent Dogs", 
5ticHce, 26^117-19 (1993); Andwson, "Human Gene 
Hierapy", Sdence, 256:808-13 (1992). 

4) DNA\^rus-mediated DNA transfer Sacfa DNAvinises 
include adenovinises preferably Ad-2 or Ad-5 based 
vectocs), hopes viruses (preferably herpes simplex 
virus based vectors), and parvoviruses (preferably 
"defective" or non-autonomous parvovirus based 
vectors, more preferably adeno-associated virus based 
vectors, most preferably AAV-2 based vectocs). See, 
6.g., Ali et aU "Tbst Use Of DNA ykm& As VtxXais 
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For Gene Therapy", Gene Therapy, 1:367-84 (1994); Group 1: baseline group, sacrificed on day 0. 

U.S. Pat. No. 4,797,368, incorporated herein by Group 2: 4-wcek chow group, these mice were fed the 6% 

reference, and U.S. Pat. No. 5,139,941, incorporated fat chow diet and sacrificed on day 28. PON-1 activities 

herein by reference. were measured by paraoxonase assay in groups 4 and 

The choice of a particular vector system for transferring 5 5. 

the gene of interest will depend on a variety of factors. One Group 3: 4-week high fat diet group, these mice were fed 

important factor is the nature of the target cell population. the high fat diet for 4 weeks and sacrificed on day 28. 

Although retroviral vectors have been extensively studied Group 4: 4-week high fat diet plus buffer injection, these 

and used in a number of gene therapy applications, these ^jice were fed the high fat diet for 4 weeks (day 1 to day 

vectors are generally unsuited for infecting non-dividing 28) and received 80 n\ of buffer injections via i.m. on 

cells. In addition, retroviruses have the potential for onco- 3^ XO, 13, 15, and 17. The mice then 

genicity. received 80 of buffer injections via i.p. on day 20, 21, 

Adenoviruses have the advantage that they have a broad 22, 23, 24, 25, 26, 27. The mice were then sacrificed on 

host range, can infect quiescent or terminally differentiated 28. 

cells, such as neurons or hepatocytes, and appear essentially Giom^ 5: 4-week high fat diet plus PON injection, these 

non-oncogenic. See, e.g., Ali et al., supra, p. 367. Adenovi- ^^j^^ ^^^^ ^ jjjg high-fat diet for 4 weeks (day 1 to 

ruses do not appear to integrate into the host genome. 28) and received 80 (A (800 /ig, 290 units of 

Because they exist extrachromosomaUy, the risk of inser- paraoxonase activity) of human PON-1 192Q (PON-1 

tional mutagenesis is greatly reduced. Ali et al., supra, p. purified firom human plasma donors homozygous 

373. 20 for the 192Q mutation, uang the method described by 

Adeno-associated viruses exhibit similar advantages as L ADu (Can, K N., et al., "Purification of human 

adenoviral-based vectors. However, AAVs exhibit site- s&mm paraoxonase/arylesterase. Evidence for one 

specific integration on human chromosome 19. Ali et al., esterase catalyzing both activities," Drug Metab. Dis- 

supra, p. 377. pos. 19(1): 100-106 (1991)) injections via i.m. on day 

In a preferred embodiment, the PON-1 encoding DNAof ^5 3^ g, 10, 13, 15, and 17. The mice then received 

this invention is used in gene therapy for lq)id-based disor- gQ ^ human PON-1 192Q injections via i.p. on day 

ders such as FH, and cardiovascular complications arising 20, 21, 22, 23, 24, 25, 26, 27. The mice were then 

from other disorders such as non-insulin dependent diabetes sacrificed on day 28. 

mellitus. Hie bigh-£at diet contained 15.75% fat, 1.25% cholesterol 

Accordir^ to this embodiment, gene therapy with DNA ^ o.5% sodium cholate (Tekhd, Madison, Wis.). For 

encoding PON-1 or muteins of this invention is provided to groups 4 and 5, plasma PONl activities were measured on 

a patient in need fliereof, concurrent with, or immediately q ^24 hours after an i.m. injection) and day 28 at 

after diagnosis. sacrifice (24 hours after an i.p. injection). For groups 1, 2, 

The skilled artisan will appreciate that any suitable gene 3^ PON-1 activities were measured in plasma samples 

therapy vector containing PON-1 DNA or DNA of muleins collected at sacrifice. At sacrifice, the mice were fasted 

of PON-1 may be used in accordance with this embodiment. overnight and killed. Blood, hearts, and livers were collected 

The techniques for constructing such a vector are known. iaiihsi analysis. 

See, e.g., Anderson, W. F., "Human Gene Therapy," Nature, poN-1 activities and lipid assays. PON-1 activities were 

392 25-30 (1998); Verma, I. M., and Somia, N., "Gene measured either by paraoxonase assay using the organo- 

Therapy-Promises, Problems, and Prospects," Nature, 389 ^ phosphate paraoxon as the substrate (Furlong, C. B. et al., 

239-242 (1998). Introduction of the PON-1 DNA- «spectiophotometric assays for the enzymatic hydrolysis of 

amtaining vector to the target site may be accomplished ^ metabolites of chlorpyrifos and parathion by 

uang known techniques. plasma paraoxonase/arylesterase," Anal Biodtem. 180: 

This invention is further illustrated by the following 242-247 (1989)) or by arylesterase assay using phenyl 

examples, \(*ich should not be construed to limit the ^5 acetate as the substrate (Furlong, C. E., et al., "Role of 

invention, but serve to support it. The content of all patents, genetic polymorphism of human plasma paraoxonase/ 

patent ajiplications and references referred to herein are aiylesterase in hydrolysis of the insecticide metabolites 

hereby incorporated in their entirety. dilorpyti£os oxaa and paraoxon," Am. J Hum. Genet. 

EXAMPLES ■ 43:230-238 (19«S)). Briefly, for the paraoxonase assay, 5 /<1 
I Methods 5° of plasma was mixed with the substrate solution containii^ 

Mice and Diet. The LDLR KO mouse model is a recog- 1.2 mM of paraoxon, 2.0 M Nad, 0.1 M Tris HQ pH 85 

nized animal model for predicting pharmacological activity and 2.0 mM CaQ^. The production of p-mtooptencd was 

for pharmaceutical candidates in the field of atherogenesis. measured, at room temperature, as cbui^ m absotbance 

Their LDL xeceptats, necessary for removal of atherogenic (O.D.) at 405 nm over 5 minutes. Astandaid curve was also 
LDL, have been deleted by bomologDvs recombination 55 constructed by measuring O.D.^os of vanous concentrations 

Oshibashi S., et al, "Hyperdiolesteiolemia in low density of p-nitroph«ioL One unit of paraoxonase activity is defined 

Upoptotein rec^r knodsout mice and its reversal by as Inmole of p-nittophenol produced/nun. For arylesterase 

adenovirus-mediated gpne delivery," J. Clin. Invest 92(2) assay, 1 /d of plasma was mixed with 1 ml of substtate 

•883-893 (1993)). These mice ate particularly susceptible to solution containing 3.26 mM phenylawtate, 9.0 mM Ttis 
atheroma formation (fetty streaks) in their primary arteries if 60 HQ pH 8.0, and 0.9 mM CaCLj. The production of phenol 

fed a high-fet diet Two month-old female LDL receptor was nwasured, at room temperature, as diange m absor- 

loKJckout (LDLR KO) mice were puichased from Jackson bance (OD.) at 270 nm over 2 minutes. The arylesteraw 

Laboratory ffiar Harbor, Me.) and maintained on a 6% M acfivily was then calculated uang the molar exmction coef- 

diow diet ^arlan Tddad, Madison, Wis.). For the PON fident for phraiol (1,310 M"^ an-'). One unit of arylesterase 
iBplaconent ^y, 50 female LDLR KO mice, at 3 months 65 activity is defined as 1 /miole pheiwl produ^mn. Fbr all 

of aae. were divided Into the foflowkig 5 gto«^ wifli 10 of flie gjoBps, plasma total dioksteiol, HDL diolesterol, 

mic^^up- VLDLflJJLchofcsterol. and tri^yccrideswereor— 
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plasma samples collected at sacrifice using enzymatic pro- Example 2 

cedures employing enzymatic end points (Mehrabian, M., et PONl 192Q Replacement Study 

al., "Influence of the apoA-II gene locus on HDL levels and The experimental design was previously described in 
fatty streak development in mice," Artenoscter. Thmmb. 13: Methods. For Group 4 (4-week high fat diet plus buffer 
1-10 (1993)). 5 injection) and Group 5 (4 week high-fat diet plus 290 units 

Aortic lesion measurements. Briefly, the use of aortic human PON-1 192Q injection), plasma PON-1 activities 
lesion measurements requires that, at sacrifice, the upper were measured on day 7, 24 hr after the third i.m. injection, 
portion of the heart and proximal aorta is obtained and At day 7 there were 10 mice in each group; values shown are 
embedded in OCT compound (Tissue-Tek OCT averages from two independent paraoxonase assays. At day 
Compound— SakuraFinetek USA Inc., Torrence, Calif.) and lO 28, there were 9 mice in each group; paraoxonase assay, 
frozen. Every other 10-/<m thick cryosection, beginning As shown in FIGS. 2A and 2B, we found that, on day 7, 
where the aortic valves appear, is collected for a distance of the high-fat diet plus PON-1 injection group exhibited 27% 
about 500 fim. These sections are stained with oil red O (Oil higher PON-1 activities as compared to the high fat plus 
Red O, Sigma Chemical Company, St. Louis, Mo.) and buffer injection group (p=0.03) (FIG. 2A). However, on day 
counter-stained with hematoxylin (Hematoxylin aqueous is 28 (FIG. 2B), we found that the high fat diet plus PON-1 
formula, Biomeda Corp., Foster City, Calif.) and Fast Green injection group had only 50% of the PON-1 activities as 
(Fast Green FCF, Sigma, St. Louis, Mo.). The lipid contain- compared to those of the high-fat plus buffer injection group 
ing areas on 25 sections are determined using a microscope (p.<0.0001). We postulated that the reduction of PON-1 
eyepiece grid. Mean lesion area/section ate then calculated activities in the PON-1 injected group on day 28 was likely 
(Mehrabian, M.,etal., "Influence of the apoA-n gene locus 20 caused by an immune response in the mice toward the 
on HDL levels and fatty streak development in mice," injected human PON-1 192Q. 
Arterioscler. Thromb. 13: 1-10 (1993)). Example 3 

Western blot analysis. Various amounts of purified human Deletion of Anti-human PON-1 Antibodies in LDLR KO 
PON-1 192Q (400, 200, 100, 50 ngAane) and 1 /il of mouse j^^^^^^ ^^^^^ po^.i 

HDL (equivalent to 6 jkI of mouse plasma) were loaded on 2S various amounts of purified human PONl 192Q (400, 
denaturing polyacrylamide gel for electrophoresis 200, 100, 50 ng^ane) and 1/^1 of mouse HDL (equivalent to 
(denaturing agent used: 2xbuffer: 0.5 M Tris-HCl, pH6.8 ^ ^ ^^^^ ^iism?C) were loaded on denaturing polyacry- 
2.5 ml; glycerol, 2 ml; 10% SDS, 4 ml; 0.1% bromophenol ^^^^^^ electrophoresis. The fractionated proteins 

blue, 0.5 ml; beta-mercaptoethanol, 0.5 mU w^ to 10.0 ^^^^ transferred onto nitrocellulose paper. SpecificaUy 
ml). The fractionated protems were then transferred onto 30 pjgg 3^. through D, four of these identical 

nitrocellulose paper (Hybond-ECL mtrocellulose, nitroceUulose blots were then incubated for 1 hour with one 
Ametsham, Buckinghamshire, UK). Four of such idenUcal foUowing solutions: panel A, 1:500 dfluUon of pooled 

nitrocellulose blots were than incubated for 1 hour with one . ^^j^ injected with buffer after 4 weeks of 

of the foUowing solutions: (1) 1:500 diluUon of pooled ^^^^^ injection; panel B, 1:500 dUution of pooled plasma 
plasma from mice injected with buffer after 4 weeks of 35 injected with human PON-1 192Q after 4 weeks 

injection, (2) 1:500 dilution of pooled plasma from mice ^ ^ injection; panel C, 1:500 dilution of pooled plasma from 
injected with human PON-1 192Q after 4 weeks of injection, injected with human PON-1 192Q after 1 wedc of 

(3) 1500 dilution of pooled plasma from mice injected with injection; and panel D, 1:1000 dilution of a rabbit antibody 
human PON-1 192Q after 1 week of injection, (4), 1:1000 VO^-l. The btots were then washed with 

dUution of a rabbit antibody against mouse PON-1 (rabbit 40 ^^ntaining 0.1% of •IV(reen-20 and incubated for 1 hour 
anti-mouse PON-1: was generated using reconabmant mouse ^^^^ secondary andbodies conjugated with HRP. The blots 
PON-1 expressed in E. coU at UCLA by Diana Shih and ^^^^ ^^^^ ^^^^ visualized using the 

ling-jie Gu, unpublished results). The blots were then technique. As shown in panel A, the 4-week buffer- 

washed with PBS containing 0.1% Tween-20 and then injected mice did not haveanlibodifis against human PON-1 
incubated for 1 hour with anti-rabbit IgG secondary anti- 45 ^ plasma, whife the 4-week PON-l-injected mice 
bodies conjugated with HRP (Amersham, Buckinghamshire, contain antibodies against human PONl in their plasma 
UK). The blots were then washed and the image was ^anelB). However, fliese antibodies did not cross react with 
visualized using the E<X Western blotting detection ^^^^ ^p^^^j ^^^^ anti-human 

reagpnts from Ameisham (Amersham, Life Sa<aice, Inc., pQj^ j antibodies in the pooled plasma of 1-week PON-1- 
Arliogton He^ts, ffl.). 50 j^jg^jg^ mice (panel Q. As shown in panel D, a rabbit 

anti-mouse PON-1 antibody detected both the mouse PON-1 
n. EXAMPLES and, to a lesser extent, the human PON-L 

It is unlikely that the reduction of PON-1 activities in the 
^ „ . .™ ^^S^xr, A • • rr^TnTrr» PON-1 injected animals ou day 28 IS diicctty caused by the 
TMeOjuiseStudyofPlasmaPON-^^^^ 55 ^ ^ pON.i and'the antibiiies 

Mice Injected with Human PON-1 192Q since the antibodies against human PON-1 did not cross 

Three female LDLR KO mice, maintained on <*ow diet, react with the mouse PONl protein. Since the human PON-1 
were each injected i.m. with 290 umts of human PON-1 ^ ^3^^ ujjl particles as the mouse 

192Q. Blood samples were coUected immediately before the p^j^ ^^ leoogmtion of the PON-1 containing HDL particles 
injection time 0) and 8, 24, and 48 hours after the injection. 60 . ^ antibodies may enhance the clearance of these HDL 
Plasma PON-1 activities were then measured usmg ary- '^^^ ^ causing the removd of mouse PON-1 on the 
lesterase assay. As shown in FIG. 1, flie mean plasma PON-1 f_ nartidcs. 
activity at 8, 24, and 48 hr after injection was 107%, 125%, ^ 

109% that of time 0 (time 0 vs. 244ir, p=0.003). Our data Example 4 

indicate that Lm. injecticm is aii effective way to deliver «5 I^id Levels. 

PON-1 Into mice, Howevei; the increases in PON-1 a<*rei- Lqiid levels of plasma sanities ooUected at sacrifice wwe 
ties in these mice were smalls tiian what W6 have ejqpected. ^camined. As diown in liable 1, tiiere were no ^nificant 
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differences in plasma lipid levels between the 4-week high- 
fat plus buffer-injected group and the 4-week high fat-group. 
Interestingly, as compared to the buffer-injected mice, the 
PON-l-injected mice had a moderate decrease in both total 
cholesterol (p=0.04) and VLDULDL cholesterol (p=0.04) 5 
levels, a moderate increase in triglycerides (p=0.005), and 
no difference in HDL cholesterol level. Therefore, the PON- 
l-injected mice had a less atherogenic lipid profile as 
compared to the buffer-injected group. 



14 



injected mice. Possible explanations for the low PON-1 
activity levels in PON-l-treated mice on day 28 are as 
follows: First, the generation and the titer of antibodies 
against human PON-1 192Q m PON-1 injected mice prob- 
ably started late and remained low until the end of the 
experiment. Therefore, for most of the time during the study, 
the injected PON-1 192Q was effective in preventing LDL 
oxidation and, thus, atherosclerosis. Second, if one assumes 
that PON-1 is most effective in preventing the initiation of 



Plasma PON-1 activities aod Ibid leveb of LDLR KO m ice at sacrifice 



Baseline 
4-Weck 

4-Week 

4-Week 

4-Wiek 



2213 X 145 2190 * 145 
1862 ± 63 1836 ± 62 



'"Vklues shown are mean ± S.E. of 9 oi 
paiaoxonase activity/ml plasma. 
=%lu«s shown are mean * S.E of 9 oi 
'HF means high fat diet 



Is in eadi group. Hw units are unite of 
Is in eadi group. The units are mgML. 



Aortic Lesions. 

We then examined the aortic fatty streak formation in 
these mice. Three-month old female LDLR KO mice ^10 
mice/group) were either sacrificed at time 0 (baseline 
group), fed the chow diet for 4 weefe (4-wedc cbow), £ed flie 
high-fat diet for 4 weeks (4-week HF), fed the high fat diet 
plus buffer injections (4-week HF+bufE«:), or fed the high- 
fat diet plus human PON-1 192Q injections (4-week 
HF+PON). At the end of 4-week treatments, mice were 
sacrificed. The hearts were collected and aortic lesion areas 
were scored. For Group 4 (4-week HF+buffer) and Group 5 
(4-wcek HF+PON), the lesion sizes were scored once in a 
non-blind and once in a blind fashion to avoid bias. The 
scores firom both times were very similar. We found no 
s^nificant difiEnence in aortic lesion sizes between the 
4-week high-£at and flie 4-week high-fat plus buffer injec- 
tion group (FIG. 4). From the non-blind scoring, the mean 
lesion sizes of the buffer injected (Grotq» 4) and PON-l- 
injected (Group 5) groups were 34222*8008 and 
12864±1985 mm^/section, respectively. From the blind 
scoring, the mean lesion sizes of the buffer injected and 
PON-l-injected groups were 32422+7470 and 13383+1850 
mm^/section, respectively. Therefore, we obtained very 
similar resxilts using either blind or non-blind methods, 
demonstrating that the 4-week high-fat plus PON-1 192Q 
injection group had significantly less aortic lesion area than 
both the 4-week high-fat plus buffer-injected group and flic 
4-week high-fat group (PIG. 4). The results suggest fliat 
PON-1 replacement is an effective way to reduce aortic My 
streak lesion in the LDLR KO mice. 

In summary, k was found ttiat flie PON-1 192Q-injected 
mice had devated PON-1 activilies on day 7, and lower 
levels of PON-1 a<^ties on day 28 as ooo^ared to the 
bufifer-idjected mice. Howevm; a<Hlic le^n foimation 
was examined on day 28, a snrpiizingly large 60% 
(qipioamate) reduction in aortic ledon si2» was found in 
PON-1 192Q^iigected mice as con|>ared to flie boffier- 



atherosclerosis, that is prevention of LDL oxidation and 
therefore prevention of inflammatory response and reduced 
recruitment of monocytes into subendothelial cells 
(Mackness, M. I., et al, supra; Watson, A. D., et al., supra; 
Shih, D. M., et al., "Mice lacking semm paraoxonase are 
susceptible to organophosphate toxicity and 
atherosclerosis," Nature 394:284-287 (1998)), then the 
PON rq)lacement m^ht have bcea most effective during the 
first 2 weeks of the study rather than flie hst 2 weeks of the 
study. Therefore, even thoti^ PON-l-injected mice had less 

^ PON-1 activity than the buffer-injected mice at flie end of 
the 28-day e3q)eriment, fliey still developed less aortic 
lesions. Those skilled in flie art will be able to recognizie, or 
be able to ascertain using no more than routine 
experimentation, many equivalents to the specific embodi- 

45 ments of the invention deswibed herein. For instance, 
PON-2 and PON-3 may have antioxidant activity similar to 
fliat of PON-1, and may be equally useM in the method of 
this invention. Also, other deletion or substitution mutatrans 
may provide similar functional equivalents. Such equiva- 

50 lents are intended to be encompassed by the spirit and scope 
of the following claims. 
I claim: 

1. A method of decreasing atheroma formation in a 
mammal comprising administering a pharmaceuticaUy 
55 efifective amount of recombinant PON-1, polypeptide, 
wherein reduction in aortic lesion formation is taken as a 
measure of decreased atheroma formation. 

2; The method of claim 1, \(*erein said effective amount 
ranges firom about 0.1 /4g/kg of body Wei^ to about 100 
60 mg^. 

3. The mefliod of claim 1, v^etein said PON-1 comprises 
recombinant human PON-1. 

4. The method of claim 1, wherein said PON-1 conqitises 
PON-1 192Q. 

65 5. Apharmaoeutical con^osition for decieadng aflieroma 
fomutkm, ooo^r^ng admin&tetii^ recombinant PON-1 
protein to a patknt in need diereof con^ridng rccomlnnant 
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PON-l and a pharmaceutically acceptable carrier, wherein 
reduction in aortic lesion formation is taken as a measure of 
decreased atheroma formation. 

6. A method of decreasing atheroma formation in a 
mammal comprising administeriag a pharmaceutically 
effective amount of recombinant PON-l DNA, or of a 
mutein of PON-l DNA having PON-l equivalent function, 
to a mammal such that functional PON-l is detecUble in 
said mammal, wherein reduction in aortic lesion formation 
is taken as a measure of decreased atheroma formation. 

7. A method of decreasing atheroma formation in a 
mammal comprising administering a pharmaceutically 
effective amount of a recombinant polypeptide that is rec- 



ognized by a PON-l-specific antibody, wherein reduction in 
aortic lesion formation is taken as a measure of decreased 
atheroma formation. 

8. The method of claim 7, wherein said polypeptide has 
paraoxonase and atylesterase activity and specifically binds 
apoJ. 

9. The method of claim 7, wherein said polypeptide is in 
a pharmaceutically acceptable carrier. 

10. The method of claim 7, wherein said polypeptide is 
recombinant human PON-l. 
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Abstract 

Paraoxonase can hydrolyze paraoxon (PO), chlorpyrifos-oxon (CPO) and other organophosphates. Previous studies 
have indicated that the levels of serum paraoxonase can influence the toxicity of PO and CPO. In the present study 
we have investigated whether exogenous paraoxonase administered to mice would offer protection toward the acute 
toxicity of a phosphorothioate, chlorpyrifos (CPS). Paraoxonase was purified from rabbit serum and injected i.v., or 
plus i.p., in mice. Inhibition of acetylcholinesterase (AChE) in brain, diaphragm, plasma and red blood cells was 
measured as an index of CPS (100 mg/kg) toxicity. Administration of paraoxonase 30 min before CPS increased plasma 
enzyme activity toward CPO by 35-fold, and protected against its toxicity; protection was still present at 24 h, when 
enzyme activity was still 20-fold over basal. When paraoxonase was given 30 min after CPS, a significant protection 
against CPS toxicity was still observed, while after 3 h the protective effect was decreased. To mimic conditions of 
severe acute poisoning, a higher dose of CPS (150 mg/kg) was also administered. Adnunistration of paraoxonase 30 
min- after this exposure abolished cholinergic signs and significantly protected against AChE inhibition. These results 
indicate that exogenous paraoxonase offers significant protection against CPS toxicity when administered both before 
and after the organophosphate, suggesting that it may be considered as a potential additional treatment of organophos- 
phate poisoning. 

Keywords: Chlorpyrifos; Paraoxonase; Acetylcholinesterase inhibition; Organophospate toxicity; Mice 



1. Introduction 

Paraoxonase (EC 3.1.1.2) is an esterase first 
recognized by Aldridge [1] as being able to 
hydrolyze the organophosphate paraoxon (PO) to 
/)-nitrophenol and diethylphosphoric acid. Para- 
oxonase is present in several mammalian tissues, 
with liver and blood having the highest activity 
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(reviewed in [2]). In addition to PO, paraoxonase 
can hydrolyze a number of other organophos- 
phates, such as chlorpyrifos-oxon (CPO), pyrimi- 
fos oxpn, diazinon oxon, as well as certain aro- 
matic esters such as phenyl acetate [3]. 

Human serum paraoxonase exhibits a genetic 
polymorphism [4], which is inherited according to 
a single Mendelian two-allele trait at a single 
autosomal locus. Three phenotypes of paraox- 
onase have been found in population studies: in- 
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dividuals homozygous for the low activity allele 
(A-type) or for the high activity allele (B-type), or 
heterozygotes (AB-type). The paraoxonase poly- 
morphism has been studied in several populations, 
and a clear bimodal distribution has been found in 
Caucasian populations (reviewed in [2]), with a 
gene frequency of 0.69 for the low activity allele 
and of 0.31 for the high activity allele [5]. The ge- 
netic polymorphism of paraoxonase activity is 
substrate-dependent. In addition to PO, the 
polymorphism is also observed with the oxons of 
raethylparathion, chlorthion and EPN (reviewed 
in [2]), but not with phenyl acetate or CPO [5]. In 
addition to qualitative genetic polymorphism, a 
remarkable variation in serum paraoxonase levels 
within a genetic class is also present. Western blot 
experiments have indicated that the variation in 
serum paraoxonase. activity corresponds. to differ- 
ences in protein levels [6]. 

Human serum paraoxonase has been purified to 
homogeneity [7,8] and evidence suggests that 
human serum contains a single enzyme with both 
paraoxonase and arylesterase activity. Purified 
paraoxonase is a glycoprotein with a minimal mo- 
lecular weight of about 43 000, with carbohydrate 
representing about 15.8% of the total weight [8]. 
Calcium is required for both enzymatic stability 
and catalytic activity [TJ. Paraoxonase is very 
closely associated vvith the high-density lipopro- 
tein (HDL) fraction of serum> suggesting a role for 
this enzyme in lipoprotein metabolism [9]. 

Rabbit and human paraoxonase cDNAs have 
been cloned and sequenced [10, II]. The rabbit and 
human cDNA clones are extensively conserved in 
nucleotide and deduced amino acid- sequences 
(86% homology). Northern blot hybridization 
experiments have shown that paraoxonase is syn- 
thesized predominantly in liver and Southern blot 
experiments indicate that it is encoded by a single 
gene [10]. Two polymorphic sites have been iden- 
tified in human paraoxonase: Leu/Met at position 
55 and Arg/Gln at position 192, iand the polymor- 
phism in enzyme activity has been ascribed to the 
latter [12], with low activity homozygotes (A-type) 
presenting Gin in position 192. cDNAs for mouse 
or rat paraoxonase have not been cloned yet. 

It has long been suggested that paraoxonase 
polymorphism may influence himian susceptibility 



to organophosphorus insecticide toxicity [13-15]. 
Animal studies suggest that this may be the case. 
The greater toxicity of organophosphates in birds, 
compared to mammals, correlates with the very 
low levels of serum paraoxonase activity in avian 
species [16]. Rabbits, which have a 7-fold higher 
enzyme activity than rats, have a 4-fold higher tol- 
erance to PO toxicity [17]. Furthermore, adminis- 
tration of exogenous paraoxonase to rats has been 
shown to offer protection against the toxicity of 
PO and CPO [18,19]. 

. The present study was undertaken to expand 
these latter findings in another species, the mouse, 
in order to provide additional support for the 
hypothesized significant role played by paraox- 
onase in influencing susceptibility to organophos- 
phate toxicity. In particular, we addressed the 
questions of whether exogenous paraoxonase 
would affect the toxicity of a phosphorothioate, in 
addition to the oxon, and would be useful as a 
therapeutic agent when administered after organo- 
phosphate poisoning. 

2. Materials and methods 

2.1. Animals and chemicals 

All animals used in this study were female 
BALB/c mice (aged 8-10 weeks; body weight 
17-21 g). Animals were housed 5 per cage and had 
water and food ad libitum. Chlorpyrifos (CPS, 
0,0-diethyl-0-(3,5,6-trichloropyridyl)-phosphoro- 
thioate, 98.8% purity) was obtained from Chem 
Services (West Chester, PA). CPO (0,0-diethyl-O- 
(3,5,6-trichloropyridyl )-phosphate^ 96.2%. purity) 
was a gift from Dow Chemical Company 
(Midland, MI). PO (diethyl ;>-nitrophenyl phos- 
phate, > 99% ptirity) was obtained from ICN 
Biomedicals Inc. (Plainview, NY). 

2.2. Purification of rabbit serum paraoxonase 
Paraoxonase/arylesterase was purified from rab- 
bit senun (Northwest Rabbit Company, Port Or- 
chard, WA), as previously described in detail [7]. 

2.3. Animal treatments 

Purified rabbit serum paraoxonase in G-75 elu- 
tion buffer (50 ftl; 3.34 units of paraoxonase, 41.7 
units of chlorpyrifos-oxonase) was injected i.v. 
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(tail vein) and i.p. as noted for each experiment. 
Control animals received no injections. Blood for 
enzjrae assay was drawn from the postorbital vein 
of the eye to assure equilibration of the enzyme 
with the serum. CPO (14 mg/kg) or CPS (100 
mg/kg or 150 mg/kg) was dissolved in acetone, and 
a volume of 20 /il was applied to a previously 
shaven 4-cm^ area on the back of the mice. These 
dosages were chosen on the basis of preliminary 
experiments. Control animals received the same 
volume of acetone. After 4 h blood was withdrawn 
from the postorbital vein, mixed with heparin, and 
kept on ice. Animals were then terminated by cer- 
vical dislocation, and brmn and diaphragm were 
rapidly removed on ice. 

2.4. Assay of paraoxonase and chlorpyrifos-oxonase 
activities 

Paraoxonase and chlorpyrifos-oxonase activi- 
ties were determined in plasma by methods 
developed by Furlong et al. [5,20]. The stock assay 
buffer contained 2.0 M NaCl, 0. 1 M Tris-HCl, pH 

8.5, and 2.0 mM CaCIj. For the paraoxonase 
assay, 1 .2 mM PO in assay buffer was made fresh, 
and 10-15 min of vigorous stirring was required to 
assure maximum and complete solubility. For each 
reaction, 1-10 /lil plasma was added to 1 ml PO 
assay solution and initiated at 37°C. The absor- 
.bance. of pi-nitrophenol was continuously tnoni- 
tored for 4 min at 405 nm. For the chlorpyrifos- 
oxonase assay, a 30-mM solution of CPO in 100% 
methanol was prepared. The incubation mixture 
contained 1-10 /il plasma and 1 ml stocking assay 

. buffea-. -yhe reaction was initiated at 3TC by ad- 
> ding 10;. /xl CPO solution to the mixture, and the 
absorbance of 3,5,6-trichloro-2-pyridinoI was con- 
tinuously monitored in 2 min at 310 nm. Enzyme 
activity is expressed as units/1 (unit = /xmol PO or 
CPO hydrolyzed/min). Basal levels of paraoxonase 
in plasma from control (untreated) mice were 
238 ± 49 units/1 and 3086 ± 692 units/1, with PO 
or CPO as substrate, respectively (« = 18-20). 

2.5. Acetylcholinesterase (AChE) assay 

Activity of AChE . in brain and diaphragm was 
assayed according to the method of Ellman et al. 
[21] as modified by Benke et al. [22]. Plasma and 
red blood cell (RBC) cholinesterase activities were 



determined based on the method of Voss and 
Sachsse [23]. Fresh heparinized blood samples 
were used in this assay. AChE activity is expressed 
as nmo\ ATC hydrolyzed/min/g of wet tissues or 
ml of blood. In control (untreated) inice, AChE 
activities were: 16.40 ± 0.64 (brain), 3.08 ± 0.09 
(diaphragm), 2.90 ± 0.34 (plasma) and 0.53 ± 
0.06 (RBC) (n = 20). 

2.6. Data analysis 

Student's Mest (unpaired, two-tail) was applied 
to the means of the control and treatment groups 
to determine the significance {P < 0.05) of any dif- 
ferences in AChE activity [24]. Calculations and 
analyses were carried out by using Statview stat- 
istical software. 

3. Results 

Previous studies had examined/the half-life of 
rabbit paraoxonase (3.34 units pkraoxonase; 41.7 
units chlorpyrifos-oxonase) injected into mice by 
different routes (i.v., i.p. and i.m.; [25]). Based on 
the results of those studies, 2 types of administra- 
tion were chosen for the present experiments: i.v. 
injection, which elevated mouse serum enzyme ac- 
tivity toward CPO by 35-fold at 30 min with a half- 
life of 6 h; and a combination of i.v. plus i.p. injec- 
tions which still increased enzyme activity toward 
CPO by 35-fold, but also increased the half-life to 
30 h [25]. 

To examine whether the increased serum para- 
oxonase levels would offer protection against 
cholinestsr^ase inhibition caused by CPO, the 
chemical ^as applied dermally, since this is the pri- 
mary route of exposure to organophosphorus in- 
secticides. In each experiment, 3 groups of animals 
were used; a control group, which received acetone 
only; a CPO group, which received CPO dissolved 
in acetone; and a CPO + CPOase group, which 
was given paraoxonase via i.v. injection, followed 
after 30 min by CPO. Serum paraoxonase activity 
was measured 30 min following en^ane adminis- 
tration, and in all experiments, enzyme activity 
toward chlorpyrifos-oxon (CPOase) was increased 
by 25- to 35-foId. Animals were sacrificed 4 h after 
exposure to CPO. AChE activity in brain, dia- 
phragm, plasma, and RBC was measured as an 
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index of CPO toxicity. At the dose of 14 mg/kg, 
CPO caused significant AChE inhibition in 
various tissues, without causing any significant 
sign of intoxication. AChE activity was signifi- 
cantly less inhibited in mice pretreated with 
purified rabbit paraoxonase than in control ani- 
mals, indicating that i.v. injection of the enzyme 
provides protection from a dermal CPO challenge. 
This protective effect was most pronounced in 
brain and diaphragm, where AChE activity (as % 
of control) was 12 ± 1 and 23 ± 2 vs. 89 ± 3 and 
89 ± 7, respectively (« = 3-6; P < 0.05). The 
effect of administration of exogenous paraoxonase 
on the toxicity of parent compound, CPS, was also 
examined. The experimental design was identical 
to that utilized for CPO. The dose of CPS was 100 
mg/kg, which caused 50-60% inhibition of AChE 
activity in brain without any significant 
cholinergic sign. Intravenously injected paraox- 
onase afforded protection against CPS toxicity in 
most tissues, particularly in brain. In this tissue. 




Tissue 



Fig. 1. Inhibition of AChE activity foUovwng dennal exposure 
to CPS (100 mg/kg) in animals which were administered CPS 
alone (solid bars; CPS; n = 4-6) and in animals wWch were 
preinjected wth 6,68 umts of paraoxonase i.v. plus i.p. 24 h 
prior to challenge (hatched bars; CPS + GPOase; n = 5-7). 
♦Significantly different from CPS alone, P < 0.05. All results 
are ej^ressed as percentage of control animals (acetone- 
treated) and r^resent the means ^ S.E.M. 



AChE activity (as % of control) was 41 ± 4 vs. 
92 ± 9 (« = 5; P < 0.05). These results confirm 
our previous observations [25]. 

Since the half-life of rabbit paraoxonase given 
by the i.v. plus i.p. route was very long [25], in an 
additional experiment mice were challenged with 
CPS 24 h, instead of 30 min, after the i.v. plus i.p. 
injections of the enzyme. The dose of CPS (100 
mg/kg) was the same as that utilized in the pre- 
vious experiment, but mice were injected with 6.68 
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Brain Diaphragm Plasma RBC 
Tissue 




Brain Diaphragm Plasma PEC 
Tissue 



Fig. 2. InhibiUon of AChE activity in the indicated tissues 
foUowing dennal exposure to CPS (100 mg/kg) in animals 
which were administered CPS alone (solid bars; CPS; n = 4-6) 
and in animals which were injected i.v. with 3.34 units of 
paraoxonase 30 min (A) or 24 h (B) after challenge (hatched 
bars; CPS + CPOase; « = 3-5). Results are expressed as per- 
centage of control animals (acetone-treated) and represent the 
means ± S.E.M. •SignificanUy different from CPS alone, P < 
0.05. 
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units of paraoxonase. CPOase activity at 24 h was 
still 20-fold higher than basal (not shown). As 
shown in Fig. 1, AChE activity in brain and 
diaphragm was significantly less inhibited in mice 
which were treated with paraoxonase 1 day before 
CPS challenge. 

The experiments described above indicate that 
paraoxonase decreases CPS inhibition of AChE, 
when injected either 30 min or 24 h before expo- 
sure to the chemicals. Additional experiments were 
carried out to determine whether paraoxonase 
could still be effective when administered after 
CPS exposure. For this purpose, mice were given 
CPS (100 mg/kg) followed by i.v. injection of 
paraoxonase at different intervals. Cholinesterase 
activity in various tissues was measured 4 h after 
CPS administration. When mice received paraox- 
onase 30 min following CPS exposurcj the enzyme 
did prevent the reduction of cholinesterase activity 
in all tissues (Fig. 2A). When paraoxonase was in- 
jected 3 h after CPS, however, there was only a 
protective effect in brain and diaphragm, and no 
effect in plasma and RBC (Fig. 2B). 

The dose of CPS (100 mg/kg) used in the above 
experiments caused significant reductions of 
cholinesterase activity, but no obvious signs of 
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Tissue 



Fig. 3. Inhibition <rf AChE activity in the indicated tissues 
following deimal exposure to CPS (150 vag/kg) in animals 
wluch weie administered CPS alone (solid bars; CPS; n - 3) 
and in ammals which were injected i.v. with 3.34 units of 
paraoxonase 30 min after challenge (hatched bars; CPS + 
CPOase, « = 3). Results are expressed as percentage of control 
fi ntmak (acetone-treated) and represent the means ± S.E.M. 
*Sigmficantly difTerent from CPS alone, P < 0.05. 



cholinergic intoxication. Therefore, a higher dose 
of CPS (150 mg/kg) was selected in the next experi- 
ment to test the effectiveness of paraoxonase under 
conditions of severe acute CPS poisoning. At this 
dose, acute symptoms developed 2-3 h after CPS 
poisoning, including weakness, lacrimation, atax- 
ia, and difficulties in breathing. No signs of CPS 
intoxication were present in mice which received 
i.v. paraoxonase 30 min following CPS exposure. 
A striking protection against cholinesterase inhibi- 
tion was observed in brain and diaphragm (Fig. 3). 

4. Discussion 

The results of these studies indicate that purified 
rabbit paraoxonase injected into mice increases the 
serum activity and protects mice from CPS toxic- 
ity. Paraoxonase was able to prevent the decreasjB 
in cholinesterase activity when it was administered 
before, as well as after, CPS poisoning. 

There has been substantial speculation about 
the in vivo role of serum paraoxonase in detoxify- 
ing organophosphorus insecticides, however, only 
a few studies with rats have directly approached 
this question [8,19]. Here, we have expanded pur 
initial observations in mice [25]. The advantages of 
a mouse model are that much less purified paraox- 
onase is required for injection than with rats, and 
that the species is ideal for gene transfer studies, 
such as the development of transgenic mice with 
altered paraoxonase levels. The results reported 
here show that the mouse is suitable for these 
studies. 

The parent thioate compounds, such as para- 
thion and CPS, require , conversion to OKom to 
become active inhibitors to cholinesterase. The 
thioate compound itself is neither toxic nor a sub- 
strate for serum paraoxonase. Previous studies 
demonstrated that serum paraoxonase provided 
protection against PO and CPO in rats [18,19], 
and in mice [25]. Our results expand an initial ob- 
servation [25], and show that injected rabbit 
paraoxonase provides excellent protection also 
against the toxicity of the parent compound CPS. 

The other distinctive finding of this study is that 
high serum paraoxonase was able to prevent the 
reduction of cholinesterase activity when it was 
administered after CPS exposure. TMs finding sug- 
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gests that the use of paraoxonase in organophos- 
phate poisoning (possibly in combination with 
other conventional treatments) should be further 
investigated. 

It had been hypothesized that individuals with 
low serum paraoxonase activity would have a 
diminished ability to metabolize the oxygen me- 
tabolites of organophosphates, and therefore 
might be more sensitive to the toxicity of certain 
organophosphates 114,15]. Our finding that levels 
of serum paraoxonase activity could affect the tox- 
icity of CPS, the parent compound applied as an 
insecticide, suggests that epidemiological studies 
may be conducted to test the hypothesis that gene- 
tic variations in serum paraoxonase activity may 
represent a factor in determining susceptibility to 
poisoning by organophosphorus insecticides. 

Raising the serum paraoxonase activity provides 
very effective protection of cholinesterase inhibi- 
tion from CPO and CPS toxicity in brain and 
diaphragm. Particularly in brain, nearly complete 
protection was found if paraoxonase was injected 
30 min after CPS administration. On the other 
hand, the protective effects toward plasma and 
RBC cholinesterase varied. The only significant 
protection in both plasma and RBC was observed 
when paraoxonase was given 30 min after CPS. In 
a recent study, it was observed that another 
organophosphate-hydrolyzing enzyme, phospho- 
triesterase, could not prevent the decrease of 
serum cholinesterase activity caused by PC 126]. It 
has been suggested that the high affinity of 
organophosphates . to the serum choUnesterase 
might explain this finding. It should be noted, 
however, that the toxicity of organophosphates is 
primarily due to the accumulation of free acetyl- 
choline in brain and diaphragm, and, therefore, 
the protection of cholinesterase inhibition found 
in these two tissues might be more important than 
in blood. Indeed, in the experiment with a high 
dose of CPS (150 mg/kg), paraoxonase alleviated 
the signs of cholinergic intoxication. 

The traditional therapy for organophosphate 
poisoning consists of a combination of drugs such 
as atropine and oxime given after exposure. 
Recently, another suggested approach in the treat- 
ment of organophosphate intoxication has been 



the use of exogenous enzymes as pre-treatment 
drugs [27]. Compared to the combination of anti- 
muscarinics and reactivators, the pre-treatment 
with exogenous enzymes may alleviate certain side 
effects, such as tremors and convulsions. Different 
kinds of exogenous enzymes have been examined 
for their effectiveness against organophosphate 
toxicity. Cholinesterase has been shown to be 
capable to sequester organophosphates and reduce 
their toxicity [28]. Organophosphate-hydrolyzing 
enzymes, like paraoxonase or phosphotriesterase, 
which are able to degrade a wide variety of 
organophosphates, have also protective effects 
[19,26,29; this study]. 

It may be expected that organophosphate- 
hydrolyzing enzymes would be much more effec- 
tive in protecting from organophosphate toxicity. 
The protection of cholinesterase against organo- 
phosphates is via the formation of 1:1 stoichio- 
metric covalent conjugates with the toxic agent. 
The exogenous cholinesterase is inactivated when 
h binds to the organophosphate compound, and 
thus a large amount of cholinesterase will be need- 
ed to obtain the significant protection. In contrast 
to choUnesterase, both paraoxonase and phos- 
photriesterase are able to catalytically detoxify 
their organophosphorus substrates over a short 
time period using small quantities of enzyme. As a 
treatment for organophosphate poisoning, serum 
paraoxonase has some advantages compared with 
other enzymes. The purification procedure of 
serum paraoxonase has been developed, and pure 
paraoxonase can be readily prepared in sufficient 
quantities. Serum paraoxonase is also very stable 
during storage iii the presence of calcium ion. 
Since the rabbit and human paraoxonase cDNAs 
have been cloned and sequenced, it should be pos- 
sible to develop a recombinant system to produce 
paraoxonase in an economical way. According to 
our results, the half-life of exogenous paraoxonase 
in mouse circulation is very long, more than 30 h 
when administered by i.v. plus i.p. injection, and 
more than 50 h when given by i.v. plus i.m. injec- 
tion [25]. Since serum paraoxonase is able to 
hydrolyze a wide variety of organophosphates, in- 
cluding insectiddes, and the nerve agents soman 
and sarin, with a relatively high turnover niraiber, 
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this enzyme should be considered as a potential 
additional treatment for organophosphate poi- 
soning. 
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The effect of the human 
serum paraoxonase 
polymorphism is reversed 
with diazoxon, soman and 
sarin 

Holly G. Davies', Rebecca J. Richter'-^ 
Matthew Keifer\ Clarence A. Broomfield*. 
Jason Sowalla'' & Clement E. Furlong^'^-' 

Many organophosphorus compounds (OPs) are 
potent cholinesterase inhibitors, accounting for their 
Mse as insecticides and, unfortunately, also as nerve 
agents. Each year there are approximately 3 million 
pesticide poisonings worid-wide rwutting in 220,00 
deathsi-2. 1990, there were 1.36 million kg of 
chlorpyrifos, 4.67 million kg of diazinon and 1.23 mil- 
lion kg of ethyl parathion manufactured in the USA 
(data supplied by the USEPA). In addition to expo- 
sure risks during pesticide manufacturing, distribu- 
tion and use, there are rlj^ks associated with the 
major international effort aimed at destroying the 
arsenals of nerve agents, including soman and sariri. 
The United States has pledged to destroy approxi- 
mately 25,000 tons of chemical agents by the end 
of the decade^. The high density lipoprotein (HDL)- 
associated enzyme paraoxonase (P0N1) contributes 
significantly to the detoxication of several OPs (Fig. 
1). The insecticides parathion, chlorpyrifos and diazi- 
non are bioactivated to potent cholinesterase 
inhibitors" by cytochrome P-450 systems^. The 
resulting toxic oxon forms can be hydrolysed by 
PON1 which also hydrolyses the nerve agents 
soman and sarin« (Fig. 1). P0N1 is polymorphto in 
human populations and different individuals also 
express widely different levels of this enzyme^-^. The 
Argigs (R192) PON1 isoform hydrolyses paraoxon 
rapidly, while the Glnigg (Q191) isofomrt hydrolyses 
paraoxon stowly^-^°. Both isoforms hydrolyse chlor- 
pyrifos-oxonW and phenylacetate^^-^ at approxi- 
mately the same rate, the role of P0N1 in OP 
detoxication is physiologically signtficantii-'= inject- 
ed P0N1 protects against OP poisoning in rodent 
model systems^2-i5 and interspecies differ e^^ in 
P0N1 activity correlate well with observed ^Ran 
lethal dose (LD50) values^-''^'^^. We report hej«^m- 
ple enzyme analysis that provides a clear resolution 
of P0N1 genotypes and phenotypes allowing for a 
reasonable assessment of an Individual's probable 
susceptibility or resistance to a given OP, extending 
eariier studies on this system. We also show that flie 
effect of the PON1 polymorphism is reversed for the 
hydrolysis of diazoxon, soman and espedaBy sarin, 
thus changing the view of which P0N1 isofomi is 
considered to be protective. 

In the course of evaluating the PONl status of ferm 
workers prior to pesticide exposure during tf»e ^wing 
season, we also determined the rates of diazo»3n hydrol- 
ysis. By plotting the acthrity distributions for the three 
substrates, chlorpyrifos oxon. phcaylacetate and dia- 
zoxon, against the rates of paraosmn Iqrdrolysis, we were 



able to clearly resolve individuals homozygous for the 
low-activity paraoxonase isoform (QQ individuals) from 
heterozygotes (QR individuals) (Fig. 2a-c). However, 
only the plot of diazoxon hydrolysis versus paraoxon 
hydrolysis (Fig. 2c) clearly resolved all three genotypes 
and at the same time provided important information 
about the level of enzyme expressed in a given individual. 
This two-dimensional enzyme analysis provides a com- 
plete assessment of an individual's PONl status (geno- 
type and phenotype). PONl levels in a given individual 
are usually very stable over time". 

One of the most interesting observations was the 
reversal of the effect of the PON I activity polymorphism 
for diazoxon hydrolysis relative to paraoxon hydrolysis 
(Fig. 2c). RR homozygotes (high paraoxonase activity) 
had lower diazoxonase activities (mean=7948 U/i) than 
QQ homozygotes (mean=12,318 U/1). Average rates of 
diazoxon hydrolysis (10,619 U/1) were somewhat higher 
dian the rates of chlorpyrifos oxon hydrolysis (8233 U/1), 
suggesting that on average, humans may be better able 
to detoxicate diazinon than chlorpyrifos or parathion. 

We also observed an increased frequency for the R„i 
allele (0.41 ) in this Hispanic population compared with 
a frequency of 0.31 observed in populations of North- 
ern European origin'*. This results in approximately 
16% of individuals of Hispanic origin being homozy- 
gous for the R|92 PONl isoform compared with only 
9% of individuals of Northern European origin*-'*. 

Following the March 1995 release of sarin in the Tokyo 
subway, we examined the effect of the PONl polymor- 
phism on soman and sarin hydrolysis, as PONl is the 
only enzyme from humans known to hydrolyse the 
phosphorus-fluorine bond of these very toxic nerve 
agents^. It is dear that the effect of the polymorphism is 
reversed for both of these compounds, especially sarin 
(Fig. 2d, e). The mean value for sarin hydrolysis was only 
38 U/1 for the Ri^ homozygotes compared with 355 U/1 
for the Q,92 homozygotes (Table 1 ). The ranges of values 
for hydrolysis of each of the PONl substrates are also 
shown in Table 1, , j.r 

Tliese results help to explain the large mdividual dif- 
ferences in sensitivity to OP insecticides processed 
through the P-450/PON1 pathway or hydrolysed direct- 
ly by PONl. As the dose response curves for OP toxici- 
ty are very steep a small percentage difference in 
metabolic rate can represent a significant difference in 
OP sensitivity. In, this light, it is important to note that 
we found in-carUer studies that newborns have very low 
levels of PONl", leading to the prediction that new- 
borns ate probably significantly more sensitive than 
adults to OP compounds processed by PONl. 
sensitivity to OPs has been observed in newborn rats«wi. 

In addition to playing a major role in OP detojdca- 
tion, the PONl polymorphism has been recently impli- 
cated in another important area of human health. 
Watson etfll." demonstrated that PONl destroys bio- 
logically oxidized phospholipids, while other investiga- 
tors have shown that the R192 aUele represents a rUk 
factor for coronary artery disease"-^* These studies sug- 
gest diat the same considerations given to the determi- 
nation of both PONl genotype and phenotype (PONl 
status) relative to OP sensitivity will also be important 
for studies on tiie role of PONl in vascular disease. 

These studies underiine the importance of examinmg 
' the effects of polyniorphisms on each substrate or 
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inhibitor of physiological importance. A single amino 
acid mutation in acetylcholinesterase has been demon- 
strated to cause a reversal in sensitivities of leaf hoppers 
to specific OP insecticides^^ Reversal of sensitivity to 
inhibitors by single amino acid changes have also been 
observed in plant^* and viral^' systems. The effect of the 
PONl polymorphism on sarin hydrolysis dlustrates how 
dramatic the reversal of the effect of an enzyme poly- 
morphism can be. 



Methods 

Human subjects. Plasma 
Hispanic origin were dra^ 



n 92 individuals of 

venipuncture with informed 



Enryme assays. Hydrolysis rates of paraoxon". phcnylacetate" 
and chlorpyrifos oxon [CPOf were determined as described. 
Rates of diazoxon hydrolysis were determined by a continuous 
spectrophotometric assay developed in our laboratory (R.I.R. 
and C.E.E, manuscript in preparation) based on published 
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Rg 2 Population distribution plots of: a, chlofpyrifos-oxonase vs. 
pacaoxonase; t, arylesterase vs. paraoxonase; c, diazoxonase vs. 
raraoxonase fri = 92, a-c); d, somanase vs. paraoxonase ip 7S); 
knd e. sarinase vs. paraoxonase (n = 78). O = QQ individuals 
(Gln,g, homozygotes). ■ = QR individuals (heterozygotes). and 
A=fm individuals (AigiKhom«ygotes).Geno^assIgnnwnts 
wefemade«K>ni(i4. 
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Table 1 Ranges of PON substrate activities in human senim 





Oiazoxonase" (U/L) 


Sarina 


se^(U/L) 


Soman! 


3S8MU/L) 




Range Mean ± S.D. 


Range 


Mean * S.D. 




Mean * S.D. 


All 
QQ 
QR 
RR 


2174-23316" 10619 * 3207 
2174-23316* 12318*3748 
5903-1 627" 1 0426 * 2302 
5400-11193'' 7948*1712 


0-758' 
0-541* 
0-144' 


355 ± 183 
198*161 
38*47 


616-29820 
870-29829 
616-28151 
754-1616'" 


1658*660 
2143*576 
1518*558 
992 ± 263 




Paraoxonase' (U/L) 


CPOa 


ise^(U/g 


Arylesterase* (U/ml) 




Range Mean* S.D. 




Mean * S.D. 




Mean * S.D. 


All 
QQ 
QR 
RR 


121-2786" 924 * 603 
121-5320 328 ± 79 
653-1418" 977*171 
1237-2786" 1769 * 354 


2415-13540'> 
2415-11 101« 
5134-11160" 
7480-13540" 


8233 ± 1908 
7484* 1840 
8152*1519 
9794 * 2001 


57-235" 
57-235« 
88-198" 
106-205'' 


136 * 32 
138*37 
131 ±28 
145 * 32 



"Assays ate described in Methods. 
38. 'Vi = 16, "n = 12. "n = 1 
RR = Aiig,9, homozygotes. 



all individuals in study, QQ = Gln,9, homozygotes. QR = heterozygotes. 



spectral data"-". The incubation mixtures contained 0.1 M capillary deUvcry tube from the autoburette, ^e bad, 
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[571 ABSTRACT 

The present invention provides a mammalian artificial diro- 
mosome (MAC), compnsmg a centromere and a unique 
doning ate, said MAC containing less than 0.1% <rf the 
DNApieseiit in a nonnal haploid genome of the m ammalian 
cell from which the centromere was obtamed. The invention 
fiiitber provides a MAC whoein tiie unique clonit% site is 
a nudeic add sequence caicoding a selectaUe vcsaikex. The 
invention also provides methods of preparing a MAC In 
addition, the invration provides mediods of stably express- 
ing a sdectable mariOT in a all, aaaiaisEng inlrodudi^ a 
MAC containing the selectable maSset into (he cdL The 
invention also provides a cdl containing a MAC expressing 
an exogenous nuddc add sequence and a transgenic mamr- 
inal oqKcssiBg a sdectaible maikei: 
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MAMMALIAN ARTIFICIAL predictable amount of a gene product. Thus, a need exists for 

CHROMOSOMES AND METHODS OF USING vectors that can contain large fragments of DNA and that are 

S^j^E stably maintained in mamnudian cells. The present inven- 

tion satisfies fliis need and provides related advantages as 
This invention was made with government support under 5 well. 
GM 23241 and GM 18835 awarded by the United States SUMMARY OF THE INVENTION 

Public Health Sovice. The government has certain rights in . . ■ • • , 

. . The present mvention provides a mammaban artmaal 

'iSrap^Jcation dauns the benefit of priority of U.S. chromosome (MAC) comprising a cenfrom^ and unique 
ProvisionS%.plicationNo.60/039.256.filJdOct.31.1995, lo ^"^8 

which was Xerted from U.S. Ser. No. 08/550,717, now f'^^ percent 0.1%) of the DNA pr^ent m a nom^^ 

abandoned, the entire contents of which is incoqwrated •'?*?''^J°^f^rT.^ ^ m 

7~ • 1^ obtained. The mvention further provides a MAC. wherem 

herem Ijy reterence. ^ ^^^^^ doning site is a nucleic acid sequence encoding 
BACKGROUND OF THE INVENTION 15 a selectable marker. For example, the invention provides a 

. MAC having a centromere from human chromosome 1 and 

1. Held of the Invention , . ^. , a nucldc add molecule encoding a subunit (designated 
The iffesent invention relates genexaUy to molecular biol- qj ^ con^dcx H of tfie mitochondrial electron transiport 

ogy and molecular genetics and more spcdficaUy to mam- vttnada the MAC contains less fiian about 0.05% of 
malian artificial chromosomes. ^ p^y^ nonnally present in a haploid human genome. 

2. Background Information The invoition also provides m^ods of using a MAC For 
The ability to clone and express nucleic add molecules example, tiie invention provides methods of stably express- 
has resulted in the identification of numerous genes and gene ^ exogenous nucleic add molecule in a celL, comprising 
products. As a result of the identificatloa of various genes, introducing a MAC containing the exogenous nuddc add 
molecular difforences between normal and diseased condi- molecule into the celL The invention also provides a cell 
tions are beginning to be recognized. For exanqile, in containing a MAC expressing an exogenous nudeic add 
various disease conditions sudi as Dudienne muscular dys- sequence and a transgenic mammal oqaressing a sdectable 
trophy (DMD), cystic fibrosis and some frams of cancCT, marker. ' 

tiie dystroj^ gene can result in flie formation of onty part FIG. I Ulustrales targeting vectors for introdudi^grsliiisyxP fS ; 

of (hb dystrbpHiii protein; whidi functions abnormally and site, whidi is a target sequence recognized by'tiK^ibaaev'..^ . 

contributes & the characteristic signs and symptoms oi riofdiage FlOre recombinase, into MAC-^.2:33.iiEIiGi.sM'- si- 

DMD. ' = shows a targeting vector containing two loxP silSs CioxP 

The idcntiflcation of a molecular defect as toe cause of a 35 site") flanking the neomycin resistance gene («neO? gene''), 
particular disease suggests possible apjwoadies f<x amcUo- which contains toe ATG start codon and toe neogene pro- 
rating toe disease at toe molecular level. Gene toeiapy, in motcr Oocated between toe 5' loxP site and tiie ATG 
paiticulaii holds tiie promise of correcting a patoology such sequence). Flanking theloxP sites arc genomic DNA 
^DMD by introdudng a noonal <tystrophin gene into the sequences of toe human CE-3 gene; the darldy sUpplai bar 
musde cells of an individual suffering from DMD. 40 indicates toe Cn-3 pronMtcr and toe hatdicd ban ind^ 
Unfortunatdy, the spedfic motecflar defect has been iden- Cn-3 gene exon or intron sequences. Outside of toe Cff-S 
tified in only a handful of diseases. Ja. addition, some genes gene sequences is toe HSV-& gene, whidi is lost fdlowing 
sudi as toe dystrophin gene contain over one mOUon base homologous recombination of tiie vector into toe 01-3 gene 
pairs and. toereforc, are loo laige to be coavcnicnfly bans- piwent on MAC-8J23 (see HG. IB), 
fered from one cell into anotocr udng cuttenfly awfflaWe 45 HG. IB dwws llie targeting vector of FIG. lA fdlowing 
tecjmology. homologous rccondxnation into toe 01-3 gene present on 

jt has been ptaposei that toe identification rf cvay gene MAC-8.23, 
in toe h ^«n genome will provide inai^ into the mecha^ HG. IC diows; toe int^ration site as iUustiated in HG. 

msms responsible fx maay diseases. Thus, toe Hnman IB following cxdsion of toe neo gene by toe Cre recombi- 

Genome Project was initiated to develop a linkage map for 50 nase. FbHowing Cre recombinase action, a single loxP site 

cadi of toe twenty-three pairs of human duomos<miBs and, remains in MAC-8.23. 

ultimately, to obtain toe nudeic add sequence of toe entire HG. ID illustrates a second taigeting vector, vbiA can 

human genome. However, a structural description, alone, of insert into a loxP site sudi as toat ^own in FIG. IC The 

toe human genome is not likely to be sufSdent to allow, for circularized vector contains a single loxP site, whidi can 

cxanqrfe. an understanding of toe mechanisms of gene 55 insert into a loxP site present in a MAC due to Ore 

regulation, which can depend on DNA r^jilatocy dements rcoooMnase activity. The vcctOT contains an exogenous 

toat are located toousands of base pairs or mcxc from the nuddc add scqamce CcDNA'^ and fl» promoterless open 

regulated genes. reading frame eaooding toe neo gene pcoduct C'neo^GRIO 

Cuntaitiy available mammalian vectors sudi as retrovital '^FaltowinginseidontrffteTOCtoriBtoaloxP^suA 

vectors can harbor, at best, DNAftagmeats containing to 60 that shown in HG. 10, a didstronic ttanso^ (cDNA-neo) 

about tenthousand nudeotides. In comparison, yeast vectors is p(o<biced; ej^ccsdon of toe ttansct^ is from flie 01-3 

sudi as yeast artifidal dirtjmosomes (YfVCs) can harbor pr«miolicr present in MAC-8.23 (see HG. IE).The construct 

DNAftagments having afew hundred toousand nudeotides. also contains an internal libosome entry site ("BRES'O. 

However, sudi YAC vectors are not stable in mammalian vtasb allows translation of toe aeo open rcadhig frame in 

cells and. therefore, cannot be used, for example, as vectors 65 toe didslronic transo^ and a polyadeiqiafion site Oly 

for gene therapy, which, ideally, would be stably maintained (A)'7, w*idi allows patytOat^fla^ <rf toe diastronic tcan- 

in a ceU from generation to generation and would ex|xess a sc^ 
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ti»e loxP site of FIG. IC. The OT-3 prornoter is shown J^f^l^^J to accordance wi& the requirements of the 

("SDH-3 promoter). Initiator methionine codons ( ATG ) ^Treaty witti the American Type Culture CoUecUon 

and STOP codons ('TAG") also are shown. (ATTO on Oct 31, 1995, as ATCC Accession No: ATCC 

FIG 2 provides a schematic representation of the 5 convenience, the MAC present in the ceE 

genomic Cn-3 DNA sequence cloned in pJOS2. "Intron-A;; as ATCC Accession No: ATCC CKL 11992 is 

(SEQ ID NO: 3), "Exon-A" (SEQ ID NO: 4) and "Intron-B referred to herein as MAC-8,23. 

fSEO ID NO: 5) are indicated, 'y (SEQ ID NO: 6) and '-Y" ^ ^ invention is defined, in part, by havmg a 

(SEO ID NO- 7) also are indicated. "pJ0S2.Rev" (SEQ ID excluding tiie centrom«a«, that is less than about 0. 1% 

NO 8) "PJOS2.T7" (SEQ ID NO: 9). HuQPSl.Forwl" lo present in a nwrnai mammalian haploid genome, 

fSEO ID NO- 10) and "HuQFSl.Rev3" (SEQ ID NO: U) jhe particular maramaUan genome being that genonK from 

indif^fe the location of primers and the associated arrows centromere is obtained. For example, MM;-8.2J 

na^Ste the direction of synthesis from the primer. "Hatch- defined in terms of a human genome b«:ause Ac cen- 

^%diS«7S Ac len^ and sequence of the genomic ^.^^ere of MAC-8.23 was obtained h"--^ fi^^ 

nNA^aTn^ yet been defetmined. The subclone is shown is .^me 1. A human haploid genome contams about 3.3x1^ 

^ t^r-j-.^nr at flic 1^ and the 3'-end at the left, with base pairs of DNA. Thus, a MAC havmg a centromae 

wittx the 5 -end A the len ana ™! j-cm. rf,talned from a human genome contains a centronKre and 

<rf the hatrfted regions. ^ base pairs of DNA on the arms flanking the ccn- 

DBTAILED DESCRIPTION OF THE tiomere. K is recognized, however, that, while a MAC is 

INVENTION defined as having a sizb ttiat is less than about 0.1% of a 

MAC, wharein the unique cloning site is jbe tena "less than 0.1% of the DNA 

sequence encoding a selectable matter. The «vcnUon As j^^j^ ^ mammalian genome normally contain- 

^des, for example, a MAC contaimng a pomo« of 30 fj^^^^'^^tt^^^e'' refers to the amount of DNA that 

buman chromosome 1- ^J»«=I«<»»"S *f .'f^ '^^?^^^„i contains repetitive DNA sequences known as Alu sequences, 

centromere and the gea^^ch f'f^^ « SS^iSj^pnt^g Wis ix>nsideied to b. pr«ent 

(Gn-3) of complexnof the mitochoiidnal electron trans^ ^ toc^mos^ a^ but not in die centromeres. Thus, 

AsinandaUowssurvival of SDH defective hamsterceUsin "'J^S^^rSd herein, contains, in addition to a 

glucose-frec medium (MascareUo al., Cytogenet CeU 35 ^lan about 33x10* base pairs of DNA on 

lenet. 28:121-135 (1980), and Carine ^ Som^^ ^"a^ fl^ng fi.e .centn«nerc.TheainDuntof DNAin a 

Genet. \2AT9-m (198$), each which is "»«'^«»^ ^C&at con^ Alu sequences can be estimated using 

herein by reference). The CH-S gene encode m^oS wdl known in tt^ (see, for e«unple, Carine et 

tfic complex known as om^Acx H of the mitochondnal "'""l ,qo^ 

3:cSrtansportd«in.Asdi«iosedl«^^ 40 ^^'^'^^b, the term "centromere" means die DNA 

the Cn-S t-^^^^^^J^^^^S^ se^cJS.S.anyispresentatthejunctionbetweenfce 

(SDH) activity in a haiasta cett Une. ^J";!*^^ of a chromosome and is associated with the 

'made herein to -^^^,^^^^^^2^2^ SScJTlo «bid, the spindle fibers attach during mitosis, 

dent pdls- and the like S! WSes of the present invention, a centromere is 
dcfideoqrisdaetoadefcctoftheai-3subonft«f oomptoc « ^^^^^ of providing stable segregation 

^ .• -wifi^«i rf,romo- during cell division of a nudcic add sequence Unted to the 

AS used hetdn, the term ••manonaliMiart^ 3meie. While it is K««nired that the spuidle fib«s 

some" or "MAC meai^ a nud<»c aod /^l^^ ^^^^ not attad, directly to the DNA sequ««x contauKd 

forms a ccnttomere 2) ~ntamsj^^ /centromere but instead, atUdi to a nud«,protehi 



forms a centromere, z; con««» .„ a,;::, ' ^ in a centromere but instead, attadi to a nu 

repUcation,and3)hasaumquedomngsitB^a««ft^ » ^ by the DNA sequence. ^» 

of the MAC, exduding the centromae, is less ^^^^ herehi as to how a centromere fundions. 

0.1%of thesizeof ahaploidmanimaUanip^nomeno^^ ^SSXtiomedc fragment" is used herein to mean a 
containingthccentromerepresentrnthcMACIniwrUcma^ portion of a duxmiosome containing a ceatromere. As dis- 
a MAC of the invention contams a aucle^aad^uen« » centKHiictic fcigina^ 

encoding a selectable marker, wlucfa cm be "^ed as a site 55 2f^^i,„dtoing a cdl at a dose that, results in 
into wbid. an exogenous nucleic aad ^^^^^^ of Ac chromosomes. 

doned. Due, in part, to die TtetkiUed artisan would recognize that a MAC contain- 

descnWabove.aMA(^isdmacten2edft^^ DNA rq>lto;tion can be identified by 

stably and autonomously ^^^^''^^'^„ ^ ^jcdnu^MAC in both daughter cdls formed fdlowing 
therdore. is present in both daughter host cdb fdlow^ 60 ^^^S'XewStostcdL^epreseaceof asdedable 
of thfparental host cdL A MAC can be p«5«red "^fff^^^JSScdSJ^niningthataodl 
STany maiSmalian diromosome, induding a huj^ ^^S^*£Ji£KS^S^«Btoedlv<te 
SK^Lvine, ovine, pordne or otha num^ '^'I^^^TS^-^ff^l^ 
xnosome sudi as human diromosonie 1 as csxciiipUied saccwow 

tercin. ^-^t,^*.^^ As used heidn, *e term "tost cdT is tiscd teoadty to 

AaiinesehamsterccIIline.3ffiW8^,^fea^ ,«^^SiaMACXBW83.2is«.caut¥teof 
ceflforaMAChavingahumandiioiaosoinclccBtroincre mcanaccucomaunnga 
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a host cell. In general, a host cell is useful ta maintaining 
a MAC and is a convenient "vessel" for manipulating the 
MAC. Fca- example, an exogenous nucleic acid molecule can 
be introduced into a MAC by transfecting the host ccU 
containing the MAC with the nucleic acid sequence under 
conditions that allow the exogenous sequence to beinsoted 
into ttie MAC. An exogenous nucleic add sequence can be 
inserted into MAC-8.23, for example, by homologous 
recombination of a targeting vector containing the sequence 
with the Cn-3 gene present in MAC-8.2J. 

As used herein, the term "exogenous nucleic acid 
sequence" when used in reference to a MAC means a 
nucleotide sequence that is not normally present on file 
MAC. In contrast the term "endogenous nucleic add 
sequence" means a nudeotide sequence normally present on 
the MAC. Thus, the human Cn-3 gene, which is nonnally 
present in a pmcentric location on human chromosome t, is 
an example of an endogenous nudeic add sequence with 
reference to MAC-8.23 (sec, far example, SEQ ID NOS: 
3-7). Any other nudeic add sequence fiiat, for sample, is 
insoted into flie CII-3 gene sequence on MAC-8.23 is 
considered an oogenous nuddc acid sequence. 

An exogenous nudeic add sequence can be a fragment of 
genomic DNA, which can be prqjared from intact genomic 
DNAby physical disruption using, for example, irradiation 
or sonicodon or by chemical cleavage using, for example, a 
restriction endonudease such as a rare cutting endonuclease 
feat deaves genomic DNA at relatively few sites. A pecu- 
lation of MACS containing diverse fr^gnients of genomic 
DNA prepared from a particular cell type can. constitute a 
genomic library, which can be sqrcenedi-fOT epn^le,; to 
identify fragments containing particular jgenes . of interest 
Since a MAC can contain :a fra^i^nij'^f -j^enp^ DNA 
having several million base pairis,' stl(di a genomic library can 
contain, for exaxople, a conq)lex%eiietic locus, thereby 
providing a model system useful for identifying ttic regula- 
. toiy regions such as enhancers «• silencers that are invdved 
In regulaticHi of gene expression from the locus and the 
regulatory fiact«»:s that bind to sudi regions. Thus, a MAC is 
usefiil as a doning vecbv and provides ttut addttional 
advantage (bat vtxy large ftagmeflts at DNA on Ifae order 
several million bases can be doned into and maintaine d in 
the MAC 

An exogenous nuddc add sequence also can be insoted 
into a MAC for die purpose of bdng e^^sessed. Sudi an 
exogenous nuddc add sequence can be, fot exan^le, a 
paitioilar gene sudi as file gene encoding (fystFopbin; or can 
be a cDNA, whidi encodes a gene jaroduct; or can be a 
sequence that, vten expressed, is compiemiraitaiy to a 
nudeic add of interest and acts, for example, as an antisense 
molecule, which can hybridize to a particular DNA <x RNA 
sequence, or acts as a ribozyme, whidi can hybridize to and 
cleave a particular RNA. Thus, a MAC also can be useful as 
an expcesdon vector and provides the additional advantage 
diat it is stable throu^ numerous rounds of cell division. 

An exogenous nuddc add sequence also can indude a 
regulatory element involved in the regulation of gene 
eq^ession or of translation of a transct^ Sudi regulatory 
dements sudi as a inxHOOter, enhanctx. sflenoer, p<dyade- 
i^Mon signal sequence. dbos<»&e entty site, signal pqitide 
encoding sequence, nudear localization signal encoding 
sequence and the like are wdl known in the art and can be 
insoted into a MAC as desired, udng well known mi^ods 
of recotnUnant DNA tedinology (see, fot cxanqile, Eji^cr, 
Gene Transfer and Expression: A labamtory manual (WJBL 
Reemaa and Co., New York; 1990). vMdb h iBcmpoated 
hetdn by reference). 
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Various types of regulatory elements are available and are 
selected based on the particular purpose for whidi a MAC 
is being constnicted. A promoter element for example, can 
be constitutive such as the cytomegalovirus promoter or 
5 Rous sarcoma virus promoter, or can be indudble sudi as 
the metallothionein promoter. In addition, a promoter can be 
a tissue specific promoter sudi as the myoD ja-omoter, which 
is e^qwessed only in musde cells, or the Ick promote, which 
is expressed only in T cells, or can be a fffomot» that is 
active only during a particular stage of development. 
Similarly, enhancers can be constitutive or inducible or. like 
the SV40 enhancer, can be consdtutively active and, in 
addition, can be induced to a higher level of activity. Such 
gene regulatory elements and translation regulatory ele- 
ments generaUy are rdativdy small and can be synthesized 
IS using routine methods of DNA synthesis en; can be pur- 
diased in vectors bom commerdal sources. 

A MAC is characterized, in part by containing a unique 
cloning site. As used herein, the term "unique doning site" 
means a nucleic add sequence ttiat can be targeted for 
20 inseation of an exogenous nucleic add sequence. As dis- 
closed herein, a unique cloning site can be, for example, a 
specific target site sudi as the loxP sequence, whidi is a 
target for the Ore recombinase. or an FLP site, which is a 
tai^et for ttie FRP recoihbmase (see below). The presence of 
25 sudi a cloning site in a MAC allows the site spedhc 
integration of an exogenous nuddc acid sequence into the 
MAC. 

A unique doning site also can be a nuddc acid sequence 
encoding a gene product, provided the nuddc add sequence 
30 isptesentinasingilecopyonfiicMACAsdisdosedharein. 
the human 01-3 gene {xesent on MAC8.23 is an example 
of an endogenous, single copy gene useful as a doning site. 
If desired, an exogenous nudeic add sequence can be 
doned into such a single copy nuddc add sequence present 
35 on the MAC using, for example, methods of homologous 
recombmation as disclosed herein. Fot example, where an 
exogenous nucleic add sequence is doned into fixe 01-3 
gene present on MAC8.23, the exogenous nudeic add 
sequence Is linked to targeting sequences conq)rising a 
«) potion of die CII-3 gene. 

As used herein, the term "poieum of a nu<^ add 
sequence of a human CE-S gene" means a nudeotide 
sequence of flie human 01-3 gene fliat is of a sufSdent 
laigfb to allow specific hybridization of die sequence to an 
4S endogenous human 01-3 gene. Specific hybridization can 
be identified by performing routine hybridization reactions 
with a sdected nudeotide sequence of the 01-3 under 
stringent hybridization conditions. Genorally, sudi a nude- 
otide sequence is at least about 14 nudeotides in length. In 
50 addition, since sped&dty increases with increasing Iengfii<tf 
a sequence, a nudeotide sequence tiiat is at least about 18 
nudeotides in length can be particulady useful as ataigeting 
sequence. FurtfaemMxe, it is wett known Hat the efiSdency 
of homologous recombination increases with the length of 
55 die targeting sequence. Thus, targeting sequences of at least 
about 1(X) nudeotides and op to several kilobases can 
provide rdativdy hi^ effidency of insertion ci an «og- 
enous nuddc add sequence iirto a particular locus. Sudi 
taig<^g sequ«ices can be sdected. for Mcaiiiple, fram Ifae 
ea genomic (31-3 sequences disdosedherdnas SEQ ID NOS: 
3, 5, 6 or 7. Sudi a sequence also can be sdected firan SEQ 
ID NO: 4, wMch is an cxon of flie 01-3 gene, or can be 
selected from nucleotide sequences <f tiie CII-3 cDNA (SEQ 
ID NO: 1). Udng methods as disdosed in Example n. 
es additional sequmces cf the human C3I-3 gene can be 
obtained, fltoxfty {smvi^ substantially longer taigeting 
sentences os^il in flie invention. 
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selected from a coding region of a gene ''"f^^ SSTS negative selection, whereby c4us expressing 

Cn-3 gene, such a sequence gen^y n^u^^ ^e tonger^ S^^'a^ l^ld by exposure to gancyciovir. Such select- 

a sequence selected from a noncodmg '^Sif^'fJ^'iff^ ^ "we iLkers are useful because they confer an identifiable 

WithregardtothehumanCn-3genepre^ntonMAC^2^^ 5 J^^^^^ otherwise uonnal ceU and, therefore, do not 

for example, the presence of '^^"^^^T^.^-^f^ Z fS?£ avaflabiUty of a mutant celL TTiese and other 

pscudogenes (see Example 11) and the high degree of l^^'T^^ ^own in the art and cotmner- 

SquenleideatitysharedbetweenCn-Scodingsequen^^^ Sg^^Jec^^or exaaiple, Sambrook et aL, Af 
different species can result m msertion <f f STcS- A l^onUcyZnual (Cold Spring Harbor 

vector iiitogenonncDNA sequences other thaa the „ ^^oratory Press 1989), which is incorporated herein by 

Cn-3 8eaepresentonMAC8.2.3. Suchnott^«^^oo ^^^^^ 16.9^16.15). 

of a targeting vector can be mmumzed, for eMmplc by ^^'^T^ * a selectable marker can be a product that 

including noncoding sequences such as iB^on ^^^^ ^ allowst^U «>aSg the MAC to be identified visuaUy 

a targeting '^^Tf" cS:S a ^Zl^p^^n of^cclLs, son^ oi ^Ud. <io not comin 

However, even if insertion of a targeting vect« o^urs m a ^ jg^^^^^^i.^ «f ,„eh selectable markers 

geneotherthan thehuman cn-3 gene preseJonMA^^ SdudeTgreen fluo^t protein (GFP), which can be 

such nonspecific i^^^^^^^If/t^^^f "fuized bfto fluorescence; the ludfeiasc gene, which, 

as disclosed hercm or when«rooscd to its substrate ludfeiin. can be visualized by 

«aBipl<^nonspcdficinsertioncanbeidentifiedb^^^^^ ffturSTs^ce; and ^galactosidase (P-gal), which, when 

or lack thereof, in the ability of host odls ^^tammg the ^ ^^^^ a diaracteiistic color. 

MAC to survive under ^ ^^.^^^^^^^ S^c^e ^kers ar;'S^own in the art and the 

nonspecific insertion c^ be identified, for exainpte, by JJ^^^^^ ^^ees encoding these marters are commer- 

fluorescence m situ hybndjzation. ^ avaiiabk (see Sambrook et aL, supra, 1989). 

In particular, a unique clomng site can «>e anudeicaad y ^^sed herein, a MAC was prepared by isolating 

mole^le encoding a selectable mark^, ^^';te^ "^s^ anfdil^SST^on of a hu.^Aremoson« con- 

«ogpnous or endogenous nucleic aad ^««'«=^- .^^ SSTSbleiMZr. Specifically, a portion of human 

hei^, the torn "selectable m^ker" means ^""deic a^d ^^J^^^ SZoso^ne 1, containing 

sequence or a pf otdn or peptide expressed £ h^ OT-aTene was selected in Chinese hamster cdls 

infers upon a cdlcontaimi* the marker the characte^suc ^^"^^^^^^^^ ^ tt,e 01-3 gene. Although «he 
th.tthecencanbeid«.^anK^ap^u^^^^^ so ^^^^^.^ b,,, part^^ 

that do not contam the matter. Thus, a ceU cowaninga Carineetal, supra, 1989; see. also. Solus 

MAC expressing a sel^table «^f"^.^^y^ S^f StfStt^m 38^391 (ll^f^Afch is 

tiwt the ceU did not display pnorto «P«ssion^ &c ^±^^^^^m^^^pnorto the ^k^t dis- 

sdedable market A selertable vmkix can be a pw^hve ^^K^^SSink host Oinese hamster cells is 
marker, whiAaUows^idcntifi^onofao^^^ 35 J^^^*^ ^S^rthc CE-S gene and to the 
ing the marker, or can be negative maifccr,v^hidifc^s a c<dl. 

tbieby allowing identification of the f^f^^^^J^^ SS^^S 1, rmL*romosoil waV^oonsid- 

absence. For convenience, reference is made herem to a ™^™^T^r7\,:^ 

MACcontainingaselectablemarker,sinceaMACc<mU^ ^^^^2? waV^cted in mutant Chinese hamster fibro- 

doning site. the stw cells, designated CC3L16-B9, are the host cdls that 

AsclectablcinarkcrcanconferuponaceUcxpressmgthe 45 ^.^^"^fT^^d are deposited as 

marker the ability to survive in an ^J^^^^l^f.^^^ No ^^S. co"taining MAO 

vrtsckilbccllsnotexpressingftemaifa^.TT.eat3gen^^^ g^'^J^iTasW.l^cellsy.Asarcsdtof the 

an cMB^e of such a sdectable ^^j;^^ ^ |^ ^^nS^OXl^Bg cdls req^» gjocosc in tte 

cndogcnoasnuddcaadscquencemNL^-«^3 t^mediiSi and cannot gxow in medium in whidi 

gene is an example of a f l^f^^fV^'^fSttlS a fSs^fesXtitnted for glucose, 
genetic defect in a mutent oeU, f , S^inate ddiydrogcnase is part of complex H of the 

""'.n.^^"'"S^I^"^Istvi^£?^^ ,2S^^iSStransport'diain,linirgthe^^^ 

S^f toe Lter. A diseased cdl sudi as a muscle odi 55 '^^J^^^^^'t^i^^^Stf b^- 
S^ingamuta^dystrpphing^temam^^^ ^SS'p^i^ Sii^'^Se 

ohv oatient is anottor «tanple of a mutant cdL inas, a contaming pwciu v^, ic^d 7-9 kDa 

gSrSrstrophingene-^bcasJ^-^^ ^X^^^^^V^-^^^f^^ 
"n'^^tjSfi^^^^^ti « ^tDHTsDH-3 and SDH-Trcs^vdy) in 
^ ^ ^^IJ^ eukaryodc cdls. WWlc an EP-IP complex, alone, can be 

Boonalmusdecdlphcnotype. :„ SSd fiom the iniia mitodiondiial membnuie by 

A sdectable marker can allow a «f ^ s«mve SSioTand assayed for sucdnate ddiydrogcnase 

Sf ^^1^rS^S?4S<^ 2;^^^tifidd^nacceptors,studieswithye«t 
sdectablcinarfaas,mdade,foreMmpl<^posifawsde^^ ^mto^ Mteatc that the meoibianc andior protdns are 
nuricers that confer i^istance to "fofy^"^^' ^ ^Sl feSi^y <rf a H and 
sdccteblVmark«sudiasfhcH«ipM«««^ SDHactntfy. 
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In order to identify the genetic defect in the CCL16-B9 relative to the centromere (Carine et aL, supra, 1989; Waye 
hamster ceUs. somatic ceil fusions were made between the et aL, Genomics 1:43-5 1 (1987); Wllard, supra, 1987). 
mutant hamster cells and human cells and two independent Indirect studies suggested that the mutant hamster cells 

primary (human x hamster) hybrids. XJM12.1.2 and had a defect in the gene for the IP subunit of SDH 
XJM12.13, that grew in galactose-containii^ medium were 5 (Soderbeig et al., supra. 1977). However, isolation and 
obtained (Mascarello et aL, supra, 1980). Secondary hybrids mapping of the gen<Mnic DNA. including the promoter, of 
then WCTc selected by fusing heavily irradiated XIM12.13 the BP gene revealed that the BP gene was located atttic distal 
cells with the caiginal mutant Chinese hainster CCL16-B9 end of the short arm of chromosome 1 (^)36.1-2) and was 
cells and again selecting for cells that grew in galactose- not present on the minichromosomes (Lecksdiat ct aL. 
containing medium (respiration competent hybrids; see Car- lO Somat. CeU MoL Genet. 19:505-511 (1993). which is inca:- 
ine et aL, supra. 1986). poiated herein by reference). Furthermore, an IP cDNA did 

ExaminatioD of the primary and secondary hyteid ceU not complement the respiration deficient condition when 
lines revealed the presence of a single human minichrOTno- transfecfed into the mutant CCL16-B9 hamster cells. Thus, 
some consisting of a centromeric fragment of human chro- despite substantial characterization of the 
mosome 1 (Carine et aL, supra. 1986; Carine et aL, supra, ^ minichroinosoincs, a gene that corqplansnted the 
1989). Hybrid ceUs retaining an apparently intact human defidcocy in the mutant hamster ceUs was not identified, 
diromosome 1 also ware examined. Spontaneous loss of the a bovine Cn-3 cDNA (see Au et al.. Gene 149:261-265 
intact chromosome 1 resulted in loss of SDH activity and (1994). which is incorporated herein by refeence) comple- 
rcveision to the respiration deficient condition; spontaneous ments the SDH deficient phenotype in the mutant CCL16- 
segregation of the human minichromosome 1 has not been 20 39 addition, a hamster 01-3 cDNA was isolated, 

observed over many years in culture. the DNA sequence was determined and flic encoded amino 

The minichromosomes first wmc observed in metaiAase add sequence was deduced. At the amino acid level there is 
spreads in the Ught microscope after in situ hybridization about 82% ideattty between the wild ^ hamstor and 
with huinanAlu sequences. The minidiromosome present in bovine 01-3 protdns. In comparison, ttie 01-3 cE«NA 
XEWS 2 J also was examined by electron microscopy and ^ isolated from mutant CCL16-B9 cdls ctHitams a single base 
was similar in length to the Idnetocfaores. Based on the mutation in the co<Bng sequence for the 01-3 ixotdn that 
assimaption that Alu sequences are uniformly distributed in produces a pronature STOP codon and results m tte tnm- 
the human genome, excqrt in centromeres, telomoes and a cation of 33 amino adds from the C-tenmnus and the SP^ 
few other regions containing tandem repeats, the miniduro- ^ defident phenotype in CCL16-B9 cells (sw Example 1) 
mosoms in 8,23 was estimated to contain abput l-r^ihiUion ^ Furthennore. the gene encoding the human 01-3 subumt of 
base pairs of huinan DNA, which is about 6}0S^<)fa«?DNA i con«»Iexnof the mitochondrial electron transport cham was 
contained in a nwmal haloid human geaadjjgCs^^^^ , ? mapped on human chromosome 1 and on the 
al., supra. 1986; Carine ct aL, supra. 198^si(i;iilsd*Sotai minichromosome. indicating that the human OH-S gene is 

,1 sufwa. \99X\. - present within about 1-2 million base pairs of flie cen- 

"'iStminiLmosomescxamined^.ntainedasmaE « ^^^. V^^^^^^f^f^^^^l^^ 
fraction 6f the pericentric dm>matin from flie long arm of P^^^^u. the (human 
Sx^ dHomof^ 1, as diaractcrized by a satdlite m XEWS 23. 

SiS^ueace present «dusivcly at Iql2:The minid,r<^ f complements the nmtatioa m the CCL16.B9 
mosomes also cantaincd a-satellite DNA sequences, which ^ hamster ceils. ^ , ^v,. ,or,r. rr. 

are duiiacteristic of human ocntromaes. Members of one ^ As disdosed herdn. a human OI-3 cDNA (SEQ ID NO: 
sudi femily w«e doned from a genomic library prepared 1) has been doncd and expiesaon of toe human C^^^ 
fi«mthehybridXJM12.13 andfoundto consist of a340bp also comptemaits the mntatton u tbc SDH-d^ent B9 
EcolUr«)eatcontamingtwod<senetatel70t5»iiioiioii«s hamstw cells. Ito1hcraKHC,hiB^^ 
^cteri^of alphoid DN/Tln addition, another dao- ^ «^»«»««'««l«**^(«?raG.^^^ 
luosome 1-spedfic a-satclUte sequence, a 1.9 Mb HindlH the human CM gpne was localized to 
repeat, was present on the minidiromosomes (Carine ct aL, deiivcd from human <taomosome 1. The jdentflicatton of 
-!;ir this locus in MAC4.23 provides a uidque dating site to 

inserting an ocogenous nuddc acid sequence into 
J MAC8.23. 

^ _ fflnce MAC-8.23 cootahis a functional human 01-3 

fcat the X^8.23"i^idSi^)lS^s^^^ a-satellite gene. « respiialioiwlefident hamster cdl containing MAC- 

scquences; satellite m DNA sequences were barety detect- 8.23 was identffied by sdedmgoeBs that grew in galactose- 
^e. These results indicate that brealqxMnts occurred on containing inediuia. Thus, the 01-3 gene i^ovides a sdect- 
dthcr side of the centromere, retaining a smaU fraction of 55 able marker uscM fOTidaiti^mg a CCLl^^ 
the p«ricenlric heterodiromatin on one side and about 1-2 containhig MAC-8.23. Sigmficantty. identification of fte 
mlUon^pairsofflie short arm of diromosome L ai-3 gene on MAC-8i3 provides a unique locus uwfiil to 

* - - site sipedfic hiseitioa <rf an otogenous nucleic acid 



supia,ll 

A double labeling in situ hybridization e^poiment was 
pofoimed usii^ a-satellite and satdlite ID probes i ' 
visualized by electron microsccpy. The results c~*~ 



odl line. The shigk copy sequence also was present on the «) AMACoftheiaventfoaismcMasavectotod^^ 
Biinidiiomosoinfi>es^t in the XIM12.2.2 piimaiy igrbrid ering an oti^geoous nudeic aad sequence info a cdl and 
cdl Kne. as wdl as on the intact human chromosome 1. In provides significant advantages over previously known vcc- 
ooniparison.thcininidiiomosomeptcsentinfhcXEWSA3 tois.FMe!aui5)le, a MAC can contain an exogenousnudeic 
scora^ hybrid ceU line, whidi was derived fcom add sequence hamng several fliousand base pairs ^dp) up 
XJM12.L3, does not contain the anonymous sequence « ^ several maton b^e^Tta^^ 
(Sdus d aL, supra. 1988), indicatiBg that the anoiqmous eotiicgeiiesttdiasliMs230qid5»4ysW>^ gOTe.whi^ 
sequence was located distal to the sdectaUe CD-3 gene 
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11 IT, ,MAr The FLP site specific recombinase has been charactenzed 
isstablyinaintainedasasmgleenUtyinaceU.TJ.us^a^^^ from cer.visia. (Broach and Hicks, CeU 

provides the additional advantage that a gene contained in ^l^^j^^'T^^^. js incorporated herein by 

expressed froru a Foducs ^ dosa^ o^ an (FKT) site has 

encoded gene v^odacL Furthermore a MAC is repUcated J^^"^^;^ ^ (Jayaramu Proc. Natl. Acad. ScL, USA 
along with the normal complement of chromosomes in a ceU 5 ^Lnf^ga^l^ccoB et al., Prvc. Natl Acad. ScK 
and aiaeforcispassedtoallofthedaughtercellsfoUowmg ?.™47^^274 fl985), each of whid, is inc«rporated 
aiiutoticormeioticdivisioE.Also,aMACdoesnotintegrate t^^A 8Z. ^^^^^^^ ^p^^^^j^^^y ttjeFKT/FLP system 
into the genomic DNA in a ceU but is ^"^^d ^ demonstrated in mammalian ceUs (O'Gorman et 

autonomous entity. Accordingly, mtroduction of an exog- ^ ^^^^ ^ experiment, a P-galactosidase 

enous nucleic acid molecule contamed in a MAC into a <^u 10 .^ .^ sequence was disrupted by inserting a nucleic 
obviates any concern that the exogenous nucleic acid mol- ^^^^^^g^ by two FKT sites; the insertion 

ecule may integrate into and disrupt the function of a normal expession of the p-gal g<=ne product Cotransfec- 

gene in the ceU. .^^^ various mammalian ceU lines of the disrupted ^gal 

The identification of the unique CII-3 gene sequence on ^ ^ ^ expression vector resulted in jHrecise 

MAC-8.2J provides a target site, into which an exogenous 15 ^^^^ ^ ^ by the recomWnase, leaving behind 
nucleic acid sequence can be insoted. AMAC containing an ^ ^ preserved flie ^-gal reading frame, and 

exogenous nudeic acid sequence can be transferted into a ^^^^j^^ o activity. In a second experiment, a single 
inammalian ceU sudi as a mammalian stem cdl, wheie the ^ ^.^ vasaXitA into a diromosome, ttien flie ceUs were 
exogenous nucleic add sequence can be txpxssxA. tt ^(ransfected with a vector coataining a second FRT site and 
desired. Methods for introducing an exogenous nudcic aad 20 expression vector. The vector containing the FKT 

sequence into a defined nuddc add scqu<MTO SUA as one or integrated specifically at the chromosome site 

inore of the sequences shown as SEQ ID NOS: 3-7 are ^^^^^ ^ 

disclosed herein or otherwise known m the art. F«rexample^ ^ DNArccombination in mammaUan cells also 

an exogenous nudeic add sequence can be targeted into the y^SZ^r^aitxiBsA using &e Crc recombinase of bacte- 
Cai-3 gene using homologous r<«ombination me*o^^ 25 « ^ the loxP taiget site, whidi consists of 34 

have been used to ^f'^^^^^^^^'f^^^^'^^^l b^S^ repeats (see, taite,OdmetaLPj^. Natl 
stem cdls in mice (see, to eMn^.le, Goshen and ^jg, ^^J^-^yuSA 89:6861-^65 (1992); Fukushige and 
Trends Genet. 9:27-31 (1993); Frohman ^^M*^,?^" ZT^^ p^. f^^L Acad. ScL USA 89:7905-7909 (1^2); 
56:145-147 (1989); -Cai^ecbhi. f J^-\28|-12g ^ ^ ^^d. Acad, ScL, USA 89:6232-6236 

(1989); Westphal and Gniss. y4«n, «*v. CcWSwt 5.181-^^ 30 eadi of whidi is inccoporated herein by reference). 

whidiisincorporatedhWbyreference)^In^ JLg«rpo;ition*d at a unique site have been produced" ' 

hmnan cn-3 genomic DNAWences shown as|EQ © gjjg^ ^ ^ ^0, transgenic^ . 

NOS: 3, 5, 6 or 7 caiJ be tf^ m atargetmg ved^J^^ ^^cUing a to gpi»enn<ltt control of the Icfc promoter, 
homologous recoinbifi^ion because these sequencwdo not 3s ^^n thymocytes, doubly transgenic mice 

contain fcoding sequences or reguUtoty sequences and^ ^^scd the Crc rccombuiasc rcsoWng in Cre-mcdiated 
fl««fore,areexpectedtoooc«rasumquesequeno^i^^^ Sanation and exdsion of the ^gal gene h, a ceU 
that does not otherwise contam a human chromosome 1. A manner. The loadP-Qe system also was used to 

dominant selectable maiker confeiring, for WMn^le, neo- DNAoolvmeiase b gene segment in T cdls and to 

SSnresistanceorpuromydnmisUmoea^canbem^^ 40 J^^^,P^^S&eIgHK(Guetal.,Scfe.c« 
du'cedintoI^C-8.23,thusfa^gsd«^^ (W; CKi d d-T^H 73:1155-1164 (1993), 

tification of virtuaUy any mammahan ^ of wWdi is incorporated herdn by reference). In 

MAC(see,forcxample,Ayar« daL P/we. ^-f^ff^^f/- j,^^^,^ pgrffied Cre recombinase was introduced diredly 
l/SA 83:5199-5203 (1986), whidi IS mcorporatedherem by JJ^'^J;^^^^ «.Us by lipofection and catalyzed site 
reference). . , t, stJedficintraatiffiiof aIoxPtaigetiiig(BaubonisandSauer, 

A cfaaraderistic of a MAC that makes it particularly ^Tj^ctdiRes. 21:2025-2029 (1993), whidi is mcotpo- 
usrfid a vedor is that an exogenous nudeic acid sequent « reference). 

canbeinscrtedintoaudquedoningsitepresertinthe^^ ^^^j. ^ ^ ^ sudi as 

in a site spcdfic manner A particutoiy useful mcfliod rf j^ci.23 can be used to identify the essential dements of 
introdudngancxogcnousnudeicaadsequencemtoaMAU so ^^^^^^^ chromosome, induding the nudeic aad 
in a site spedfic manner utilizes a recombinase sequences required to confer adivity as a centromere, a 

binaserecognition site, wherem the recombinase re«^n J^^^^^^^f DNArepUcation. Furthermore, laigc 
siteprovidesatmiquecloningsite.Forcxample,a^^ DNAfa^nts doned into a MAC provide a 

inteaationusingtheaerecoinbmaseandlorfrecOTibm^ ^cZi f or idenSg and diaradeiizing nudeic add 
Siltio"sitefiomphagePl (s,xSaucr.Me*. ^ « ^^"'^^S^coocdinatc re^Tn of gene oom^ 
225:890-900 (1993),. AvWch^ d S^^as the unmuno^obolin gene locus. Also, Ifac 

reference) or the y^^st FIP/Fra" system ^ O Goc^d P^^j ^ ^^c to segregate in a complddy stable manner 
aL. Science 251:1351-1355 (1991), vtodi fa ^""^^ mitosis pro^rt^ a system for defining the media- 

hcrein by reference) provides a '^'^^^^^ ^ Sand fedots involved in fliis process, 
means for introducing an exogenous nudeic aa^sc^oMC w "TJlp_g-, r^g^npi-amtah^ 
Stoa MAC sadi as MAC-8.23 (see Example IE and HG. JJJSmSSSS M«««rial^ in Chinese iuun- 
S Useofasitespedfictecombinaseqrstanforintroducit^ l^^^^^S^^^^ <ibi<m^ 
^nuddc add into a MAC provides ^^-jwa^ S-^^^Kul ta^rSc tandL «^ of the 
integration of the exogenous ^fV>^J»^^ « SdlSSSeRjeats* their ccnlromae; indi- 

^^rtseioadivateadu«adcris.icof^MA^ « ^^2^^^hc^^i^by^t»mA>tr 

^ to iqMcate or to segregate pioi«ty<ton«cdl ^^^"^"^ ^'^i.j^c^i^oa 
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rcstrictioo mapping and high stringency hybridizations (see. As disclosed herein, a MAC can be prepared, f ot exan^le. 

for example, Waye and WiUard. Nucl. Acids Res. by telomere associated diromosome truncation (x by uta- 

15-7549-7569 (1987); WUlard et al.. Trends Genet. dialing a ceU at a dose that causes fragmentation of the 

3-192-198 (1990)). Since flie human centromete alphoid chromosomes in the ceU and selecting therefrom a MAC 
s^uences do not cross-hybridize with Chinese hamster 5 based on tlie presence of an endogenous selertabie marker 

DNA sequences, the centromere sequences of hamster and located near the centromere (pencentnc) Such pencentnc 

human chromosomes are substantially dififcrent. endogenous selectable raaAers include for cxa^le. ttie 

Nevertheless, human chromosomes, including MAC-8.2.3. Cn-3 gene or anotha- gene that can be identified for 

are stably maintained in (human X hamster) hybrid cell Unes. example, by searching in the Human Genome Database 

The use of MAC-8.2.3 provides a unique system for iden- (GDB; v.6.0) accessible via the Internet at http:// 

tifying the mechanisms involved in maintaining chromo- gdbwww.gdb.org/, which is mcorporated herein by ref«- 

some statriUty in a ceU. eoce. 

An essential feature of centromeric DNA sequences is the Since pericentric endogenous selective markers are 

abiUty to become associated with special proteins to form a expected to be rare in mammalian chromosome, a sel^ble 

unique type of chromatin to which the proteins of the ^ marker generaUy will be randomly or site speaflcaUy 

kinetochore become attadied. Only a few sudi proteins have insetted into the pericentric region of a chromosome. For 

been identified. Kinetodiores likely consist of a sales of otan^Ic, a sdectable marker confening ncomycm resis- 

repeated structural motifs because more than 10 microtu- tance can be insetted site specifically by homologous reoom- 

bules attach to each side of a metai*iase chromosome. A bination into a gene that is loc^ in a pericentric region of 

MAC such as MAC-8.23 is useful for identifying the 20 * chromosome. A pericentric gene can be identified m tiie 

proteins involved in Mnetochoie formation and spindle fiber GDB database (see above). For example, the neogene can be 

StachmenL An imderstanding of the factors invdved in targeted into the gene encoding the high molecular weight 

spindle fibesr attachment to a eentromtte can jrovide insl^ neurofilament p^tide, NF-H, which is a pencentric gene 

Zto themechanismresponsiblefor appropriatcdKomosome located on chromosoiae 1 ^ lpl2 (Uet^Aurg^e^^^^ 

segregation dming mitosis. Such an understanding can lead 35 Afall Acad. Sci, USA 86:2463-2467 (1989), which is mcor- 

to the development of methods for preventing, f« cacanqde, porated hewan by reference), into die gpoc encodmg an Fc 

impropo: segregation, whidi can result in trisomy or in loss Gamma receptor, which has been mapped to lpl2 

ofa chromosome in a daughter celL (Mascarena et aL. Cytogenet. CeU Genet. 73:157-163 

■nie present invention also provides methods for prq>ar- (1996), which is incoq>orat6d h«ein by refeen<x) or into 

ingaMAQcomprisingfragmentingapaientalchromosome 30 o**^ pencenfric gene. Following ""^^lon of Ae 

md sele<^g a «Btrome^ fragnint of the diromosome selectable inarker.fte chromosomes can be frjnented^ for 

containing iL than about 0.1% of the DNA present in a example, bj^feii^y soaated trunca^^^^ 

SLalhfploidmammaliangcnomecontainingthepaiental '^<i?*»Jf*^gS^H*;^?f'ST^„Sfi<^^ 

duomosome.TheMACis sdcctedbascdontbepresence of neon^ ^^^'^^'^Jfr tZfX^n 

a selectable marker on the centromeric ftagmeot. which 35 selected hyhnd oefl contmning a MAC as defined heron, 

further provides a unique cloning site that can be used as a AsclecWMcinaito adso can be targeted to an eadogcnou 

site to Inscit an exogenous naddc add sequence or that can pericentric nudeic tad sequence olher tton a paicentac 

be Anther modified, for exainple. to contain a lecomhinaw gene. For example, a sdedablemarfctt can targeted 

^jognition site. honiol<^us reamiWnation to a unique pericentric nudeic 

/J used herein, the torn "paiealal chromosome- means 40 a«d sequence or to a sateUite DNA sequence, which gen- 

Ihenonnal cdMar duomoso^ftom wWditbeMAC was eiaUy is present in the region of the centromere (see (^e 

Zi^or example. MAO%23 was daived from and « aU supn^ 1989) R>llowmg mte^auon of ^esel^aWe 

contains the ^dmerc of human diromosome 1, wbidi, marto into fee diromosome a MAC is obtomed, for 

feiSe.wastheparentalduomosomeofMAC-4.23(see c«iiiple. by fogmcntmg the chromosomes contoning fee 

S.^I).AMACfaprq,aicdbyobtainingacentrom«ic 45 sdedditeimttto.fusm^ 
Snt of a duomos^contahring a selectable mariox 

?Sxl, fee MAC can be genSy engineered to pro- ^ fi^^^iL""^ f "^^^^f^B bj^d^ fe^^ 
, Sr?r;,rmo«. desirable Aaracterisfics. in particuUr^ 

MAC can be genetically engmeered to contain, in addition ^^'f ^^^w^S 

to fee selec^ie ma/ker, an exogenous nudeic acid 50 ^'^f 

sequence sudi as a gene or a dDNA, whidi can encode a disdosed her«n, fee sldlled artisan can a MAC 

second selectable marJcBr, an entite genetic locus, induding having AaiactensUcs similar to MAC-8.23 or a MAC 

regulatoiydementssudiascnhancers,whldicanbesev«al having ofeer diaractmst.cs as desked. 

Jdlobases t^istceam or downstream of a gene; or aiandomly The invention also provides methods of stably expresstog 

produced feigment <rf genomic DNA. 55 a sekctablemarka in a cdl, composing inttodw^ 

^Yeast artiSl diroLsomes (YACs) have been dcvel- ^'^g*^^ '^^S^Jr^^JlSf 

cped by assembling essential dements of yeast DNA, ^'^^ gene product is a 

SdiM <«rtramms, tdomms and n«B^ stably expressed m mutant hamster CCL16-B9 cells whidi 

ffiuriDTrt aU SteJence 236:806-812 (1987); Sdilessingcr, do not otpicss a functional hamster Cn-3 gene product 

natds Genet. 6548^8 (1990)>. Howevet itis not pos- « As nscdhetein, fee tam"stably expressed when used in 
due to apply fee mcfeods used in constructing a YAC reference to a selectable madar means that fee nudeic add 

dmilariy to construct a MAC because fee essential dements molecule encoding fee mariBr is maintained and expressed 

sudi as mammalian origins of DNA lepUcation and mam- in a cdl line. In particular, a sdectable matker is stably 
ntaliancenliometes are not wdldiaiacterized (see Huxley . cjqiiesscdfiximgpiieration to^aen^on in a ceU^ 

et aL, moTedmohgy 12386-590 (1994); Bmm, Cum 65 traverses fee ceil «yde and, uhunatrty, divides. TTie aMU^r 

Opin. Genet. DeveL 2:479-486 (1992); Levrin,/. A!Kf «e& to stabfy express a sdectaMematein acdl is due to fee 

^0^6(1995)}. dMli^cfaMACtotjeiepHcatedduriBglhecdlcycIeand 
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. „ ^. • • Tts. If desired a telomere sequence can be linked to a nucleic 
to segregate with a daughter ceU dunng ceU divuiion. K ^ ff d^^^^ Tselectable nuaker. For exaniplc, 
recogSd. however, that some c«Us a. mus^^^^ tht^^c Sgeting'of &e sequence is ac«,n^Ushed by 
geaeraUy do not divide. Nevertheless, a "dectaWe i^rto is j^^ecombiBation, a targeting vector comprising 
^nside^d to be stably expressed u. a no^-diyichng ceU rf J^^^^Sicre sequence, the sequences homologous to (he 
fte MAC containing the !*=l«f»blc n>arker « s^ty 5 ^ ^ ste%^*^ ""'^^^^ ""'^ '""^^ 
autonomously maintained .n the cdl and rf the ^ectoble , ^ j^^^^d in the ceU contaming the 
marto is expressed as appropnate to f^g^^^^^ ^ apSate chromosoiuc. FoUowing insertion of the target- 
further recognized that the term g ^^^c chromosome, cells containing the vector 
reference to the e^^ression of a '^^^^^^^^^^^^ Sr^ectcd under the appropriate conditions and trun- 
necessarily mean that the marker is ^^7/ 10 ^terchro^nies can be identified using routine cytog^ 

^nina7nrX*a that is active only during a particular useful where the targeted gene such as the Cn-3 gene, which 
X^^cdTSd^iSJ^ducedonlywLnactiva^ otherwise is a selectable inarkcr, is lost due to the truncation 
^a oiSS^rS^ctor. nevertheless is considered ^ pericentric sequence does no 

SbW S^s^e^ tf*Sectable marker is expressed at tije p^^^j^, , ^ of selection or provides an inconvenient 
ancffoptiate time. Thus, a "stably expressed" mariHa: is stabLy means of sdection. 

™ssed vnth reference to (he partiailar regulatoiy ele- ^ disclosed herein, telomere associated truncation a 
ments linked to ttie maAer. . ^ „ ■ ^ minichromosome such as a minidiromos<mie muntainca in 

AS disclosed herein, a MAC was obtained foUowing 20 t^^dXJMU.O and XIM12.13 cetts (Mascarello et 
irracLtion of ceUs. A MAC also can be obteined ^mg ^ i980)orof aMACsuchasMAC8.23canprovide 

Somere associated chromosome truiicabon, which is based ' J^^j advantages over methods of chromosome trun- 
on the knowledge (hat a telomere ff^^l^'f^^.y <^tion previously described. For example previous trmica- 
chromosome (Fatr et aL EMBO J ;4-5a4-5454 a^5), ^ ^ full 3^ d^omo- 

Heller et al.. Proc, Natl i^^/3.71g-2B0 25 have required several rounds of truncation and 

(1996); Brown et al., Hunum Mol. G^*^'" 3;1227 IZJ / so^^ oida to obtain a minichromosome approachmg 
Jl994);Vrdlard,P«c.W«5Ac.^5c^ U^^^ ^^^sdul as a MAC (see. for example. Heller et al supra. 

(1996), each of which is incorporated her«^ . 1^ However, the minichromosomes obtain^ foUowmg 

EssentiaUy, a telomeric ^u^"^. ^'^tstog jrf SequSl truncations contained reanangsments (see 

repeats of the sequence TTAGGGui inserted into 30 ^SaJiS^^Sra, 1996), which raises a question as to wheth« 

so^ DNA. Depending on ^e.^^^lomer^ JfJ^iSosome can funcdon as a sUbly |^tained 
sequences inserted mto a V^^m^^^^^'^^^ entitv oarticulariy over a long period of time. The occur- 
SLchromosome, whi<*containS^^*»atrW^an^^^ ^"'J^'o^SSrangemente al^ can complicate specific 

niorefeginentsofthectromos^^^r^^^J^"^^ 

centroineric insertion site are Ftt»duocd.airomo^ 35 ^^^^^^oDtiguityofthe target site. Furthermore, even 
n»ntslacktagccntromeresultimatclyarelostfromthe<^, ^P^Jreet jtself, remains unaffected by a 
SSreas thi truncated chromosome can be Jabg ^^^S. L in«tpec^ed level of expression of an 
maintained, generally under seiectiveprcssure ma host oelL ^^^^J^^^^ adHequence can result due, for 
Insertion of a telomere sequence into a ^^on^^^ to the loss of a icgolatoty sequwce normaUy 

be targeted to a specific l^s or can ^^f^'^J'^ SSd with the target site or to the gain of a regulatory 
Examples HI and IV). Specific t«g«^«?" due to the rearrangement 

acooniUshed. for example, by homologous ^^^^^ ToLparison to perfonmng telomere associated dm>- 
into a known gene or other uniqjie ^'^'^^'^^ ni^Si^on ^ normal, fuU size chromosonKs^ 
present in (he chromosome. Random msertion <rf ^f^^ Svmaintaincd minichromosome such as the mmicfato- 
Sq„cacescanbeaccomplishedus^,forcx^^ 45 XJM12.1.2 ceUs or in XIM12.13 «Us 

Staining a telomere sequence, indudmg a Imear vector ^^cr initial target for telomere assooated 

containing the tel<ancre sequence at one end. J™„caiion Thus a truncated minidiromosome useful as a 

•Klomcre associated chromosome truncation can be p^- ^ ^ ^ of truncation and 

ticularly useful for producing a MAC ^^J^^^ „ selection, limiting the probabiUty that undesirable rearrange- 
gcnes or other unique peiicentnc nudeic ^^^^J^ * „ent of the truncated mhrichromosome will occur, 
targeted. For example homologous ^^^^^^^^^^ Similarly.asinglcroundoftclomcreassodatedtruncation 
uscdtotargetatclomericsequcnoetoaj^ceitocgwsu^ cantered onaMAC sudi asMAC8.23 to orderto obtain 
as the CII-3 gene (see Example W). Whae fSter MAC whidi can fadUtate manipulation and 

results in retention of (he 01-3 gene m the truncated t^Tj^ MAC (see Example IV). SpedficaUy, a 
Smosome, a host cdl containing the tnmajtod d^om^ 55 ^^^^^^^S^toS^d inti thVCT-3 gene 
SSTcan be sdeded based on the ability of SDH-defiaent ^^^"^JT^ 1w using a unique target sequence 
JSLt cdls containing the truncated duomo^ to «^ S^rs<^^oSSlQn)NOS:3,5,6or7as 
Vive under the appropriate Sf ^S^«cace for homologous recombmation. 
Exan^leI).Bshouldbcreoogmzed,howe»o^a^^ ^^Sa^omcre sequence can be introduced p«Hi- 

So^ assodated diromosomc ^"'"^o"'!*^^ J^^Sl to Ac (3^3 gene with respect to the 

formed on a normaL Ml size daoi^some, '^^X SSi^J^^^ding upon whether it is desired to mala- 
cation only of the distal region of the arm contammg ^ SJiSSct^ gene in the truncated MAC As an 
teiget site; theiemaining /^-^J^-^ Sitionaladvantagctargetingof atdomacsequcnoe to Ac 

aflfected. Thus, whew dtei5K«flclargctmg^tdM»o^ <fffl» 3'-^ of Ac Cff-Sgcae provides a convenient 

„sed,atdomerem«stlKintiodnccdi»toapeac^fi^^ 65 J^^^J^,^fi,eodcnSioaaaddieidaliveposi- 
cadiarmofasdec*edd««mosomemoid«toprod«cea ^Xc^STmACSUJ. 
uscfuiMAC ™" ^ 



5,721,118 

17 18 

A MAC can be transferred frran a host cdl into a second containing an exogenous nudeic sequence can be introduced 
ceU. For convenience, a host cell containing a MAC to be into a mammalian cell for the purpose of expressing and 
transfored is referred to herein as a "donor" cdl. whereas collecting a nnaimnalian gene product encoded by the 
the cell into which the MAC is transferred is referred to as nuddc acid. Mammalian cells containing a MAC can be 
a "recipient" celL Various mdhods arc known far transfer- 5 grown in large quantities in vitro in a bioreactor under 
ring a MAC, which is a centromcric fragment of a conditions that allow e3q)ression of an exogenous nuddc 
diromosomc, into a recipient cell- For example, a MAC can sequence contained in the MAC. 

be transferred from a donor ceU to a redpient ceU by somatic ^ ^ ^^^^ ^ mammalian gene product in 

cell fusion (see. for example Carine et al., supra 1986). ^ .najnmaUan cdl provides significant advantages over 
Hybrid ceUs containing the MAC can be idendfied based on j„ ^^^^ expressing the gene product in other ceU types 
expression of the selectable marker present m Ae MAC. ^ ^ j,^^^ ^^^^ because appropriate 

Although one or mote donor cdl chromosomes idso wiU be t.^^^slational modifications such as glycosylation or 

transferred into the hybnd cdls, sudi donor ccU dux)mo- rj;^ ^orylation of the expressed gene ^oduct can occur in 
somes generaUy are lost during passage of the cdls because ^ n2mmalian host celL In addition, use of a MAC to 
(here is no selective pressure for maintaimng the donor cell j„^„^ ^ exogenous nucleic add sequence into a mam- 
diromosomes in the hybnd ceU. Examination of clones of provides significant advantages over the use of 

hybrid cdls can be used to identify hybnds contaimng only ^ csxa^fc, the MAC is stably expressed in 

the MAC from the donor oeUs. mym p^alian cdls and, thc«*KC is passed from genaa- 

Ahost donor cdl also can be treated with a mitotic spmdlc ^ generation in dividing cdls. In addition, a MAC is 

inhibitor such as colchicine, which results in the famation ^ njxantained as an autonomous enti^ in a cell and. therefore, 
of micronudei. dicn witii cytochalasin B, which results in ^^^^ integrate into fte genomic DNA. whore it can 

the extension of microcells. which contain one « a few ^g^t the regulation or expression of endogenous gene 
chromosomes, induding the MAC. and which can be fiised -j-o^cts. Thus, the present invention provides a method of 
to recipient cells (see. for example. Ege and Ringertz, Ebpt. produdng an exogenous mammalian gene product in a ceU 
Cell Res. 87:378-392 (1974); Foumier and Ruddle, Proc. ^ by introducing a MAC containing an exogenous nuddc add 
NatL Acad. ScL, USA 74:3 19-323 (1977), eadi of which is sequence encoding a mammalian gene product into a mam- 
incoiporatcd herein by reference. Rision of recipient cells niaUan cell and exiffessing the gene product Such a method 
with microcells greafly reduces the transfer of donor ceU ^^^^ ^^^^ production of large amounts of csscntiaUy 
' > chromosomes to redpient cells. In addition, mimchromo- ^ > mammalian protein, provided the nudeic add sequence 
somes can be isolated by fluorescence activated ceU sorting 30 gjj^^^^g^gjjjjgj^jo^n 

; i;:(EACS;^see Ferguson-Smith, in MoUc^r Biology and a MAC also is useful fbr producing a4^g«^ : 
'^.&r >-;'Bio(ech^ A conwrvhensive desk i^erence (ed. Mey- AMAL. aiso is ^^■^J^f^^''f^^^^Mf:^^~~f 

, *'.v^» _ »jv. ioo«\ „,„^ I'iA-'iKO' K-T,,T«u,^M J.I s«<^i as a mouse, cow, goat or shes^^.e^.?§.singi«:gp.ne of 

..,^u.v «^VCaPuW^19g)^^^^ interest(seeExaiiipIeV):AMACis:partic«My;«^^ 

: .. -T- ^'-Pnc. NatL Acad. Sc, ^^^f^^.^^J^ff^^^ tt^ purpose because the MAC is stably and autonomously 

.dd.,^«cLAc^5/J«. 17:1^5-1678 (1989),e^^ 35 j^^i^^i^^rf the cells ooi^iining the MAC However, 

is incorporated hercm by reference). Smce a MAC is much jTZ^Tr^essary tfaattfae exoenoas nuddc add sequenoe 
smalla tiian tiie smaUest intact dffomosome, isolation of tL*''i?l^^^^~? 

cdU f« «aini4e, by microuaectioiu ^ , . ^. . « directs its expression. TTius. the mtrodudion of the MAC 

AMACcontammgasdectetoteni^ into an emb^onic stem ceU or into an ovum provides a 

expressing the sdectable inaite in a odL AMAC coitoin- ^ ^ transgenic maimnal having a desirable 

Ing a neo gene and a gene or cDNA eiicoduig grae product ^^„aei^c For example, a MAC containing a sdectable 
of interest can be tiansfened into a diseased ceU,whc«5in ^ ^ iniSectcd into an ovum, whidi can 

. expression of the gene product con5)lcments flie genetic 45 f^^g^j^at the time of microinjection or can be unfertilized, 
defect and results in the cdl attaining a normal phenotypc. fertilized foUowing microinjection. The MAC- 

In general, a <Useased cell is obtamed from a patient, the ^^^taining ^gotc then is implaiited into n pKgnant or 
MAC is trar^iferred from a host odl mto the iec«,.ent ^opri^t female and ATnc^born mlo^are 

diseased ceU in vitro, then the reapicnt ccU contaimng the ^,^1^^ expression of the selectable maito: Ttans- 
MACisiBintroducedbackmtothepatientThus,aMACcan so genie mammals expresshig the sdectaWeniaii»r are tteosby 



be useful as a vector f<x gene therapy. 



produced. 



^^f'l^'llTlfJo^^^:^^^^ "nK.followingexamplesareintendedtolltas.ratebutnot 
sudi as the dystrophin gene into a rcajHcnt cdl because r^^J^ JnwnHon 

other mammalian cdl vedors cannot contain sudi a huge ^ ^^'^ mvenUon. 
gencHowevo-aMACisusefulforinttodudnganygenca: ss EXAMPLE I 

cDNA into a cdL FUrtfaomore, the use of a MAC for gene 

tkaapy provides the advantage that the geae product <rf Ptqjaration and Owracteruation of a Mammalian 

jnteisstispiDduccdinaunltdosage,dnGe^aei«lfyonlya Artificial ChiomoscHne 

di^MACwiUbeprescaitbllieiedpentcelLliiadditim, 

aMAC is stoWy and aotonomoos^ maintained in eadi <» This example piovides methods for pi^anng and diar- 
daughter cdl fottowing division of flicpartatai cdLThns, a adoizing MAC«,23, whidt is contained hi XEWS.23 
MAC can be parficulaily useful for introdudng an esxo^ ocMs d<^ited on Oct 31, 199S, as ATCC Accession No, 
enous nuddc add molecule into a stem cdl sudi as a bone ATCC CKL 11992^ 

manow stem cdl because all the cells propagated torn Bie The vanoas cdl Hoes iKcd in this soOy and ffae hybrids 
stem cdl wm stably cs^kss the exogenous niKMc add. es dedmdfiRmthcfiiaoaaf dw Chincsehamsternunaittoells 
Bis further recognized that a MAC is particulattiraseM with human cdls have been described previously 
• n gene product in vilra AMAC (MascaceBo, si^ 1980; Caiine, si^ 1986, 1989). 
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wSt ^Sporated herek by reference; Soderi)erg ct aL, human minicbromosome, mcludiag the numchromosome 
supra 1977). The hybrid ceU Uncs XJM5.1.1(+) and 5 present in XEW8.2.3 cells. 

Xmi2 1 J were derived from the fusion of the CCL16-B9 ^ (o conlirm that the genetic defect in the mutant 

cells with human lymphocytes or HT1080 fibrosarcoma j,amstei cells is due to an aberrant 01-3 gene or gene 
cells (Croce, Proc. Natl Acad. Sci., USA 733248-3252 p^Q^uct, the ability of (he bovine Cn-3 cDNA to comple- 
(1976), which is incorporated herein by reference) and by ^^^^ deficient condition of C0.16-B9 cells was 

selection of respiration-competent ceUs. The hyteid ceU line examined. The con^jlete bovine cDNA was excised from its 
XJM5 was a respiration-deficient segregant which puai8 vector as an Eco RI fragment and cloned into the 

had lost human chromosome 1. XIM 12.1.3 was one of two jn^u^nialian extMTCSsion vector pcDNA3 (Invitrogen; San 
independent hyteids with a human minidiromosome. The ^ ^ complementation analysis. Cells were 

secondary hybrids XEWS.2.3 and XEW9.10.4 were isolated ^ to 50% confluency and transfected with the pcDNA3- 

after fusing ittadiated XIM12.13 hybrids with (XX16-B9 ^^ ^ ^ construct. As one control, pcDNA3 containing an 
cells and selecting for SDH-positive hybrids (Caiine et al., unrelated cDNA insert was used and in a second control, no 
supra. 1986). , vector was added to the transfection mixture. 

AU cctts were grown in Dulhecoo's modified l^^e s Transfection was performed using the "LIPO- 
mediiim(DMEM) containing 5 n»M glucose and 10% fi^ FECTAMINE" reagent (GIBCO BRL; Grand Island, 
calf serum. The same medium with glucose substituted by 20 j^olY conditions fwr optimal transfection effidency of the 
^ctosc (DME-GAL) was used to stdcct for or mamtam ca-16-B9 ceUs were established using the cukaryotic assay 
respiration-competent cells or hybrids (Ditla et aL, supta. pCHllO containing the p-gal gene (Phannada; 

1976; Schcffler et al., in Biomedical and CUiOcal Aspects oj p^j^ata^ay, NJ.). Selective medium, ei&er DMEM contaln- 
Coenzyme O. pages 24S-253 (Folders and Yamamura,^.; ^ Q^jg ^.^^ for expression of the neo 

HsevicE^OTtfa HoUand Biomed. Press, Amsterdam; iy«l), 25 ^ ^ DMEM-galactose, whidj selects for respiration 
whidi is inccrporated herein by reference). comprtent cells, was added 2 days or 4 days after transfec- 

TheMitialcDNAencoding the bovine heart ai-3 subunit ^^^^sxxx 8 days some, plates selected with G418 were 
of complex H (Yu et aL, J. BioL Chem. 267:24508-245 15 ^^ijched to DMEM-galactose. Stable transfectants were 
(1992), whldi is inpoipOTated herein by rrference) and the ^^tained in DMEM-galactose containing 400 ng/ml 
TOinplete bovine cDNA(Oxfaranetal.,JBiocAcm.Bio/7/>3'i. 30 ^4^3 

Acta 1188:162-166 (1994), which is Incorponitwl heremby; complementation of the defective mitochondrial function 
reference) were obtained. Southeni blof al^l^ysl>^^^^ i| not i^tantaneous because new functional complexes must 
formed on human, hamster and hybrid ^ ^sembled in the mitochondria and time is required to 

thebovineCE-3 cDNA probe. Soutticoi blot atoano^B^ accumulatclevcis of complex ntiiat are adequate to support 
blot analyses were performed usmg "tanda^ m^ods 35 3^ o^j^e phosphorylation (MascareUoetaL, 

(Sambrook ct al.. supra, 1989); probes were labeled by the ^ ^ ^ j^g^^ Similarly, a lag 

random primer method. Restriction enzymes were obtained observedin Ae transfected cultures when direct 

bom New England Biolabs (Beveriy, Mas«.)^and u«d ^^^^ ^ a few days after transfection. 

according to tiic roanufectuicr s instructions (a- 'P)-dCi f gowevw. after about two wedss, cells began to divide in 
was&omICNPhaniiaceulfcals(Itvme,Cabf.). 40 pj^^ aia^tose. In contrast, collures ftat woe not ttans- 

Southcrn blot analysis revealed that the (h«unan x ^ ^ ^ tnmsfccted vUb the vector 

hamster) hybrid cells contained, in addition to flie han^ containing an unrelated cDNA and flie neogene. no prolif- 
dteoinosomes, a smaU number of human duotnosomes-Tlie observed aflier the switch to the DMBM- 

hybrid XJM5.L1.(+) contains an iitfact human dttomosOTne ^^ose medium and, after a few days, the cells died and 
I'whae (he hybrid XJM5.1.1.(-) has lost the entiicd>«v 4S ^^^^fisiodgcd from the ptate. These results demonstrate 
mosome 1 during subsequent culture in «ons^ye^ qI-3 cDNA complements tiie SDH defi- 

ditioBS (Mascarello ct al., supra, 1980). The hyteids ^ CCL16-B9 cells. 

XJM12.1.3 and XJM 12.2.2 contain a human ' ^j,^ ^ SDH 

minicbtomosome. with a few milUon base pms of mA Jj^^^ ^ CXX16.B9 cdls also was examined. 
ft«n the short arm of d.iomosomfil; lfaes^d^ybads 50 using the assay of Green and 

XEW8.23 and XEW9.1M S H^oS^Q-r.ci 28:4oi412 (1980). 

afterinadiation Sdi is incorporated herein by reference), which measures 

1-2 inilUon base ^fpNAfiom Je sucdii^pendent reduction of the analogue 2^ 

The bovine cDNA probe hy«^<«>»d wth hansto and i).3^„ittophcnyl)-5-phenyl tetrazoUum chlo- 

vritii human restriction ftagments even at relatively hi^ 55 ^Th/^gJo„ vas quantitated spcctrophoto- 

stringency. Multiple bands were P^^J^^^^'^ metiicaUy after extraction wifli cfltanoL Mitochondria were 
DNA samples obtained from tiic hnman cells. Tlus rcsua ^^^^^^ differential centrifugation as previously 
indicates that the human 01-3 gene consists of ocons and ^^itta et aL, supra. 1976; Sodetbeig ct aL, supra, 

intrcms or tiiat mnlt^le 01-3 gaws «c psend^eKS are 

present in the htnaaif genome (see ^^^J^^^^^f^ ^uicd in mitochondria from wild type 

different restriction enzymes were oscd in these *^ J^^*^^^ 

investigations,includingsomethatdonotdeavethebw^ S?£^acaSn^ «^ l^tochondria 
^N^^^,^^tP™f°SSittSf£D^ S^^SS9^Jffiir^5*ofti>eactivityof 
the human ceils confato bai^ Aat «s wM ^i^Ktondria. In the oomptemented mntanls, the 

DNA and the minldiiomosoiiicptescBt in the hybrid oeDs, wildtype. 
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These results indicate that fte SDH defidency observed in A. Human 01-3 cDNA: 
CCL16-B9 cells is due to a defect in either the Cn-3 gene a complete human cDNA encoding CII-S was cloned 
or the CII-3 gene product. In order to detemunc whether flie a HeLa cell cDNA library using the 5' and 3' RACE 
defect was due to a mutation in the hamster CII-3 gene, method and sequenced by the dideoxy chain termination 
hamster Cn-3 cDNA was doned. The availabilty of the 5 method. The first strand cDNA library was froduced by 
bovine cDNA sequence aUowed the design of primers fat reverse transcription of 1 jig total RNA from HeLa ceUs 
cloning the hamster cn-3 cDNA from wild type and mutant using the dT17 anchor primer 
cells using a polyma-ase chain reaction (PCR). Computer 5VGACTCGAGTCGACATCGATTTTTTTTTTTTT- 
analysis of the bovine cn-3 cDNA sequence was performed Ym-J (SEO ID NO- 12) and "SUPERSCRIPT IT 
in order to avoid regions of the sequence likely to form .j^^^ „(-)• bRL^ Gaithcrsbuig, Md.) at 4«'' C. foUowed 
hairpins or to dimenze. Sequences within the cochng ^ ^ ' ^ deoxynucleotidyi trans- 
sequence w«c selected because the untranslated regions of °y i^Yb^t 
.. ^ . . i in.-i.. rerasc trsKL). 



the bovine and hamster sequences are more likdy t< 



diverged. The 5'-cDNA was cloned by PGR aii^)lification of the first 

Based on the computer search, two oligonucleotide strand cDNA Ubrary using a gene specific primer, 

sequences were prepared: »5 5..GCCAGCCCCArAGAGGACAACAC-3' (SEQ ID NO: 

5'-TGCCAGCCCTACAGAGGACAACAC-3' (SEQ ID 13) and the dGl5 anchor primer. 

NO: 15) and s'-GACTAGTCGACTGCAGGGGGGGGGGGGGGG-S' 

5'-CTGG AGTAAGAACACTACTTTAAACCGTCC-3' (SEQ ID NO: 14). The 550 base pair (bp) PCR product was 

(SEQ ID NO: 16). EventuaUy only use of the primer cloned direcdy into the pGEM-T vector (Promega). The 

corresponding to the 3'-aid of the coding sequence (SEQ ID 20 was cloned by PCR amplification of tfie first strand 

NO: 15) was successful for cloning a la^e portion of the cDNA library using the gene specific primer 

cn-3 cDNAfrom wild type and mutant hamster cells by ttie S'-GACTCGAGTCGACATCGATTITITTTTTTTT- 

5* RACE protocol (Frohman et al., Proc, Natl Acad. Sck xm-3" (SEQ ID NO: 12). The lOOO bp PCR product was 

USA 85:8998-9002 (1988), which is incorporated herein by ^^^^ ^^^^ j^j^, pQEM-T 

reference; see Example BO- 25 j^e Cn-3 cDNA contains a 27 nucleotide 5'-untranslated 

Reverse transcnption-POi (RT-PCR) did fY^'^d^ ^ 510 nucleotide coding sequence, and a 779 

woduct when the two specific primers were used. Tlius, &e „Zi^H/t^ „ntran^Iated seauence rSEO TD NO- 1- see 

Knudeotides-atm 3' end of the epen reading frame. Four isolated and sequenced firom the cDNA^Jit^Mi>4''6adf 

I'jtod^<lentia5^PCRreactions w<«caniedotttwilh^ contained the same 01-3 cDNA scquenaUIFHifrffSjOf ^ug^^ 

type ahd mutant RNAs as templates. The PCR gests tiiat only a single CH^S gene is aqtfess«saiM'^Jfiiman 

wpducts were d<med into the pGEM-T vector (JPromega; cells. NoitfiOT Wot analyds also identiflfed only i shigfe 

Madison, Wis.) for direct sequencing. DNAsequenong was band, although it is unknown whether the band cone- 

pofotmed using &e Sequenase 2.0 kit (United States Bio- sponded to one or more RNA transciq>ts. Significantly, 

chanical; Cleveland, Ohio) and &e SP6 andT7 sequencing expression the dcmed human 01-3 cDNA (SEQ ID NO: 1) 

primers, as desaibed 1^ manufacturer. in the SDH-defident CCLi6-B9 cells c(xi9lemented die 

The nucleotide sequence of die wild Qpe hamster CII-3 mutation, fliereby allowing the odls to survive under ttie 

cDNA is accessible from the GenBank/EMBL Data Bank at selective conditions (see Bxan^le Q. This result confirms 

Accession No. US1241, which is incorporated herein by d,at ttie doned human cDNA sequence encodes a functional 

Iterance. All of the clones obtained from mutant cdls Qj.3 gene product 

contained a G-»A transition in codon 137^r«iulting in the Genomic DNA Sequencing: 

conversion of a tryptophan oodon to a STOP codon. As a *; . «, J7.„k^o ^acw «»o».r, 

S of the mu^nhi the 01-3 dJNA, 33 amino adds 45 ^^^^Tl^^^ttVf^J^UfTZ 

nomially found at the Cteminus of the translated protein was puidiased from Sttatagenc (l^ JoUa, OM.)jad 

are absent A comparison of the bovine and hamster Cn-3 screened using a bovme Cn-3 cDNA Ofii et al., si^ 1992; 

<aJNA sequences demonstrated 86% conservati<m at Ac Codiran et aL, si^jra, 1994; see, also, Ostveen et aL, /. BioL 

nudeotide level and 82% conservation at the amino add Otem. 27026104-26108 (1995), whidi is incaporated 

sequence leveL The changes are largdy conservative 50 herdn by nsfercnce). Four genomic dones containing 01-3 

dianges and are scattered flirou^out the entiie pqptide. DNA sequences wete isolated and partially characterized. 

The results ofthcse studies demonstrate tlutlhe defied in One done (JS18) contained die con^lete 01-3 coding 

the SDH deficient CCL16-B9 hamster cellline is due to a sequence, wiUi no evidence of tnirais. However, the cotog 

genetic mutation at a single nudeotide in the CII-3 gene, sequoice oontauied two in-frame stop codons and. therefore, 

resoMng in production of a truncated Cn-3 pcotdn. Ja 55 lifcetyrqHcsoits a pseud<«ene. A second clone (JS5.1) also 

addition, the results demonstrate that the oonBspoBdIng contained the complete 01-3 coding sequence, as weU as 

human 01-3 gene is very dosdy Bnfced to Ihe human sequences characbaistic of a 5*- and 3'-untranslated 

diiniiM»oaieloeDtioinae.Ba8edoatheseiesidts,aiiidqw ceqnence, but no introns. However, no stop codon was 

mUi. seqaoMC has been defined on the mfnidiraiiwsune pvesentln titis coding sequence. Thus, it is undear whether 

fliatisimM«itinXEVra.23cdk;lhenHnidHoniosonicis fliis seqnoice is cxjicssed or is a pscudx^ene, althou^ 

dedgnatcd herein as MAC-8.23. based on Ihe dONA doning, it ^jpears ttiat onty a single 

pyAMPiPiT ai-3 gene product is expressed. 

" The two r«analnii]« dones (JS2 and JSS.2) contained 

CII-3 cDNA and Partial Cienomic DNA Sequence ovexiiqpittng sequences as detettmned by testdction map- 

ThiscxamptedescnTws methods forisolatingniicidc acid 65 iai«,Tliegtfflondc sequence In JS2 51m Rested widi Not 

sequenceTeModing the ai-3subunit of Comdex n of fte I and Boo M and a 1,8 kbp Nd»Eo6RI fiagmeat was 

iSodiondrial dectron transport system. subdoned into a -BUlESaOPr vector (SbatageDe) to 
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23 . f A,, al Gene 159-249-253 (1995), which is incorporated 

produce. pJOS2 (see FIG. 2). Partial DNA sequenctng of ^uet "Xcnce). Portioas of the human 01-3 gene 
5oS2 c^nfinued that the subcloaed g« STnS^"ntin pJOS2orfl.ehmnanai-3cDNA(SEQ 

n3 t Is ^^fdSed on its S'^nd by Intron-A (SEQ ffi „^ sequence to use as a ^obc. A J^^^^^^' 

NO S and on its 3'-end by Intron-B (SEQ ID NO: 5). ,i,oln as SEQ ID NO: 3, 5, 6 oc 7 is ideal fo^.*^/ P"^^; 

^Sudon^ sequences bordering the 5-end (SEQ ID NO: 6; ^iesc sequences do not encompass a coding region or 

2^)td? end (SEQ ID NO: 7; 333 bp) of the 1.8 kbp ^^^^ory region. The n>f5«^-?i° f^^l^ 
gcioSc^NA fraiient in pJ0S2 also have been deter- ,5 YAC U1,rary, identifies a BAG or a YAC ^—gc^l^ 

m^TrFIG 2- "JTand "Y." respectively)- The exon and „^ sequences, and provides the ^^C or BAG. fcc 

2?reie2d to by lett^Vbecause the coinplete J^f ^^d. can be subdoned and charactenzed usmg 

structure of the human CII-3 gene has not yet been deter- routine methods. 

S^S^^he sequences sho>vn as SEQ ID NOS: 5 and 6 are ^ and r«luadant cion« «c 

^nrcd to as^X" and "Y." respectively, since It IS not dear identified by rcstricdon mapping. Unique clones are 

S^Siconstituteintronorexonsequencesorpamons Solated^subdones are prepared, and the DNA sequen^^^ 

5S Rrfercnce to the "S'-*nd" and '*3'-end" indicate the Overlapping sequences are identified and used 

iSon reUtive to the reading frame encoded by Bcon-A, ^^^^^t the entire human 01-3 gene sequence. This 

SonTtsiLtityto,hehumanai-3cDNA(SEQIDNO: aUows Ac identification and s<^^^^^ 

n . ^ sequences uscM for tergcted integration by homologous 

DNA sequendng was performed using ^'l^'^^l reoomjjination (Rn Ride et aL, Pn>c. Atari. ^^^ci^"?^ 

,^.pl0S2Jlei5'.T(^AAAa:CrCT 89-.5128-5132 (1992), whidi is incorporat«d he«an by 

JsEO ID NO: 8); P^^^?.-^!' reference). , 

5tTCTArGCCTTCAGCKiArcrC-3^ XSEQTO ^ additional exons and, if present, mtrojis, a 

LQreiJorwl.S'-ACn-CTGAAGTCCCraTGTCJSEQ 30 ^^^^,^ti^7of^estriction mapping and partial sequencmg^ 

ID NO: 10); and HuQPSl.Rev3, ^^etfu^tticrfv^able cloned sequences as a pio^^ 

5?AA(jmrcGGArCCCArrCCA-3' (SEQ id NO: U). iS^^Sseqi?.^ are examined by Southern blot 

Tl,eriOS2.Rev and PJOS2.T7 primers were prepared based , ^^-^^^^M^tasmm genomic DNA and genomic 

sSuences of the genomic subdone that weie oWamed ^|f^g^SEWS.23 cdls. In parti^, genomic 

Sinr&e'Hiniversal-Tyandrweiscprimmspe^fOTAe 35 JJ^^^ ^ promoter and a portion of exon 1 

donL vector. The BuQreLFarwl aj^ ^ be identified. 

eo^SeTS'i^^--^^^^^^ - Modificati^nofMAC-8.23 
S (see HG. 2). also were used to amplify genomic DNA methods for intioctacing an cxog- 
oSSnSTfrom human HeLa cells; hatnster B9 oeUs; ^J^^^^ sequence into MAC-8.23. 
XJM5.1.1(+) cells, whidi ""'^Ij'^^^^S'erS?!! An exog<aous nuddc add sequence can be mtrc^c^^ 
comDletc human duomosomc 1 (see Exan^jle 1), . MA&8.23 using homologxis recombination (Ayares 
?:r2£ which are derived from gls tot 45 ^'".^^Igergpecdii, W Briefly, " con- 
have lost the human chromosome I; or XEWS^3 cdls, « i/^ade containing the exogenous nudeic aad 
toi^ter cells containing MAC8.23- The ^« « TiSetSt flS on eitha side by n»d^ add 
Sn products were separated bX.PO^^^*. £ ^^c^ing Ihe human Ca-3 gene. In paitfcute. 
d«*oph^sisandvisua!izedby efludiumteomdestain^ SuJ^S^^uch as those identified, for example, as 
iTXvioletiiradiation A band migr^^ab^^^^ 50 ^%'S^5.6and7areusedsudi*attheexoge^s 
kbp, whidi is the expected size of toe amphfied P^<^1 J^^,. add sequence is targeted to a spedficlocus(s«HG. 

human C3I-3 gene, was djtained from gcn^^NA sequences of the human 01-3 gene 

me nuram _ e xiM5-l.l(+) andXEWS,23 lA). "a»«^ r^n..VT„ tt al.<«, can be used to 



the human cai-J gene, was. wuuuv^ " vi^ro^-» ia^ Oth» unique sequences 01 mc uumwx v-**-. & — 

SSomtheWcdls^jmi-lWandX^ SibJin Example n also can be used to 

odls, whereas no band was obse«i^ foll<«^^ Scatty tai»« an exogenous nudeic add sequence sud. 

Sroftbeliamsl«rB9cdkortheXJM5.U(-)cells.T*^ 55 JP^^^^^Iadat^toxP site or a telomere sequence to 

^ats indicate that the doned human genomic Ctt-3 ^*^J^3.^rffl«h^CII-3gene,indudingat&e 

^nccs are present on chromosome 1 Jnduding on toe ^^--endo^ »f « ^ f 

portion of diromosomc 1 compnsmg MAC8,23. exogpaous ntiddc add sequence be «pr^ Jom Je 

Tlie complete human 01-3 gene readily can be ^ ptomotoi:D«5«ndhigonthemserton siterftiie 

oiB^ by subdoning positive lambda genome d^ow tte* eo ^-3 gene function can be disrupted, if 

towlbeMisolatedbutnotyetdiaracteiJZBd.fc dedied. 

««nptetetaman 01.3 gene can be cto^n^^^ An introduced exogenous nuddc add sequence can be a 

S^^Kda DASH Jibraiy to identrfy ^ ,™SIiS«wnceoranm?sequencc.m 

obtaining CH-S sequences. In addition, a S^^ ^. JSffi&8^ ai^hi particular, into the 01-3 gene 

rS53cdls?indudingMAC-8^,««bep«5^ « ^^JSSAcSJSria^nLanstoK^ 

^ . A- «^nnm}r rn-3 seaucnoes osfag die avail- <»,.»«ces into MAC- 
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8 2 3 in a site specific manner using the Ge recambinase so as to yield the desired orientation of the introduced 

from bacteriophW^ PI or the FLP recombinase from S. sequence. The targeting vector can contam a promoterless 

ce^visiae. respectively. A loxP site, for example, is intro- cDNA sequence, which, foUowmg speaflc integration, .s 

duced into the Cn-3 gene present on MAC-8.23. The lorf" expressed from the 01-3 promoter. In addition, the targrtmg 

site is introduced by transfection of a targeting vector 5 vector can contain a neo gene, with promoter, to allow 

containing the neogene and promoter, flanked by two loxP selection. Alternatively, toe neogene can be promoterless 

sites which in ton. are flanked by human Cn-3 gene and can be separated from the exogenous nucleic acid 

sequences containing the Cn-3 promoter on one side and sequence by a short sequence^ ^n"^ ^.nrf'f f„H Sm^T 

CT-3 gene exon or intron sequences on the other side, which some entry site. IRES, (see FIG. ID; Mountford and Smith 
S^Jis extended by the HSV-tk gene sequence (see HG. lo Trends Genet 11:179-184 (1995), which is incoipora ed 

^ ^ herein by reference). The ai-3proniotet directs expression 

The gene encoding puromycin resistance also can be of a dicistronic mRNA and neo resistance occurs only 

ln<Spoitedintotheyetingvector,eitherinplaceoforin foUowing speafic ntegrabon. 

addi^n to another sele^We marker such as neo (Sbsganc AMAC contammg a dommant sele^le ^^J^^ 

et al., Mol. Cell Biol. 14:8451-8459 (1994); Vara et aL. « tn»"sfeaed into a variety of mam^^^ f°?r^s 

NucL AcUis Res. 14:4617-4624 (1986), each of which is contaimng the MAC «u. ^.'J^'^ff J^^l^' ^^^^ 

incorporated herein by reference). Use of the puromydn resistance or puromyctn resistant B powoM and allows 

geSL advantages over the neogine because puromycin is the identification of cells conUinmg M^^C eyen w^ 

fignificantiy le^expensive than G418. Also, the cDNA there is a tow efflaency of tnmrfer A MAC can be 

cn^g the green fluorescent protem(GFP) can be used as ^ duced into a mamnialmrecipiMUxn^^ 

a SSlciLkBr (see Yeh ^ aL, Pn,c. Nad. Acad. Set., with a host donor ceHsudi as 3^W823,whidi contains the 

USA 92:7036-7040 (1995), which is incorpo-ated herein by MAC (Carine et aL, supra, 1986). 

reference). GPP is particularty useful as a selectable marfcea: prior to fusion, the host cell containing the MAC can be 

because cells expressing GFP can be identified and, if inradiated at a dose that fragments the host cell 

desired, isolated using a fluorescence activated cell s<Mta: 25 chromosomes, such as the hamster chromosomes in 

(PACS) XEW83.2. but spares the MAC which is not hit due to its 

FoUowing transfection of the host cells with the targeting smaU size. TTie inadiated ^f^^ t'°„^vV-S ^^llt . 

vector cells are grown m medium containing G418 and mammaHan cell Ime sucb as COS cdls (monkey). 3T3 ccUs^ - r 

gS^clS Ceuf that grow in this medium express the ^ (mouse), or other cells hicludrng human cells or mouse 

SSbutdo^ot.^stheHSV-tkgeneand,therefore, embryonic stem (ES) cefls and cells Aat^w under Uie : 

. i^c^nsla^^lifSgprpi^tedthetatgetih^ appropriate selection condiUons are obtauxed. ; --^J^^^- " 

homoiog^.?»,3^itopti<» into the huinanai-3 gene (see EXAMPLE IV '. ^ iWfatrr 

riG/l^lfe^^egnfebnisconfinnedusingPOLThis EXAMPLES 

mrthod5fodiiK5Bs:MCKloxP-neo-lOTP),whi^ Method of Redudng the Size of a MAC ^ 
active neogene, flanked by ioxP sites, integrated down- 

stream of tiie promoter of the 01-3 gene. This example describes methods forproduoi^ a MAC or 

Mammalian cells contammg MAC-doxP-neo-loxP) are for icdudng the size of a MAC such as MAC8.23. 

bansfected with a vector expressing the Qe gene, wherein A MAC can be produced by irradiation of noimal «±ixo- 

txansient enaession of the Cte gpne results in jHrcdse and ^ mosomcs or mhiidiromosomes at a dose that results m tticir 

efiSdeat excision of the neogoie, leaving a smgle loxP site fragmmtation. Similarly, iiradiation can be used to reduce 

in the untranslated portion of exon I (sec FIG. IQ and the size of a MAC such as MAC8.23. For example, host 

producing MA&aoxP). Similarly, flie purified Cre protein cells containing MAC8,23 can be exp<wed to a dose ttat 

L be totroduced directty into MAC-l-containing cells lesolts inthe MAC bdng hit one « «^ Su* a 

HshigKp<rfection(BaubonisandSauer,supta,1993).Btcdse ^ im<hodwasusedtoobtrinMAC«,23fi[«tthjrt^ 

excilonof the neogene is confiimed by PCR.MAC^oxP) X3M12A3.i»!ikJi contains a laip MAC, and 

oontahis a single loxP site useful for targetmg an exogenous if desired, to select a MAC that is smaller than MAC-«£3. 

SScaddsMuence Alternatively, by randomly Inserting a selectable marker hi 

Apromotcrless neogene can be introduced into MAC- f^.^^^r^^ •fl^^^in^S^^Lmvc^SSS? 
8.13^dithatatranscriptproducedai«efiomoontainsaie «, ^^^'^^^^.^^^^^^J^^S^^^ 
Ltream portion of exo^l and the loxP sequence, wWch '^^f*;?^!^!^'^^^'^^^^^^^ 
Sns theTnntranslated region of the neo tnmso^ (see f^^'^^J^Jt^^ 
J<^otrc et aL, Mol CeTsioL 11:5578-5585 (1991); inserted in a pencentnc location can be cbhuned, 
Chanon et al., MoL Cell BioL 10:1799-1804 (1990); Fragmentation of diromosomes. mmidiromosomcs or a 
Schwartzbcrg et al.. Proc. Natl. Acad, Sci.. USA 55 MAC using tdomerase assoaated ttuncahon also «n be 
873210-3214 (1990), each of which is inooiporated by used to produce a MAC or reduce the size of a N^C Fbr 
reference). If desired, the translation start site of the 01-3 c««ni*e'»««*«?=i^^'«"^ ^^^^K -S^^^ 
Sac. which encodes flte portion of flie polypeptide Aat ^^^^"^^^^^^^^^^^^^ 
Lgcts it to the mitochondria, can be deleted. flic 01-3 goie P'^J"^^^^^^;^^^,^!^^ 

^ .. • 1 A- «;n!ri,«»n«5™ne ffl distal l» the telomere wilhieqp^ 

Cells canymg a angle loxP site on flie numditomosonie «» "^"r ^ 
are ootiansfcctedwifli a dicular targeting vectOT containing tram me jmav- 

r«S~<Saddseque^^asecondloxPsite Si^spccffic taigeting of a telom«c seq™ 
^mG. lD)andwithanS««sionvectorcontainingflie plished by ^^'^F^'^'^Z.^J^.^^ 
Cre recombinase gene. RecoSbinase^nediated integration ''^'"'^^^"'.^^^^^^^J'^Z 
rfflie vector atSe loxP site in the MAC inserts tlic « f^^^^ 
oogenous nuddc add sequence into flie MAC (sec EK5. courae, if a 1<«P ste 

l]^TTieloxPsitesareoriented,wifliKspccttocadioll«r. fdoniere sequence can be introduced Into the site by inoor- 
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^"^ /Fir the art (see for example, Krieglff. supra, 1990). Briefly, 

poratiBg the sequence into an 'PP^^J^^/^^^'^'^"^, superovulation is induced by intraperitoneal injection of 
m). introducing the vector mto a host ceU ho^Ii using a llGVz needle to deliver less than 200 pi 

MAC8.2.3andex^sslng^^^^^^ —^^^ ^ pregnant fe«^es«c 

(see^ample m)- ^e^^^^^^^ .^^^ ^ ,„esthetized by inhalation with Mctafane and sacnficcd by 

2 3 "y hoSo^^^^^^^^ cervical dislocation and fertilized -''^<« - 

S,^lhZ (uSed herein as SEQ ID NOS: 3, 5. 6 or from the oviduct. ES cells contammg a MAC are sel^ 
cxainple, th^e^dos^h ^ ^^^^ microinjected into the embryos. Altemabvely^ a MAC is 

huSS gtTJi ft^i^ MAC8.2.3. Hie use of ^,«,i„jected into an ovum, whidt is fertiUzed E.eu^^^^^ 
LTJm'ieSucnccswinpredudeinscrdonofthe^^^^^ lo nant fences are anesftetized by in^aU^*M«^^^^ 
Srvect^iBtoAehamsterchiomosomesprcsentu.thehost ^j,, embryos or fcrtdized 

XEWS 23 cells. oviduct Offspring, which are weaned atttece or inwe we^ 

of age. are anesthetized by inhalation with Mctafane one 
EXAMPLE V half inch of tail is removed using a sterile blade and a blood 

. " sample is obtained. DNA fa isolated from the blood sainplc 

Production of Ttensgemc Mice andscrcencd by Soutfaan blot analysis to identify animals 

This example provides a method for producing transgenic containing flie exogenous nucleic add 
mice by stably expressing a MAC containing a selectable ^j^^g^ the invention has been described with reference 
marker in the mice. 2° to (heexanmles provided above, itshouldbeunderstoodUiat 

Transeenic mice are created by introducing a M^-Con- mbdifications can be made without departing from 

taining an exogenous nudeic add sequence into .e=»wyoiiic invention. Accordingly, the invention is 



SBQUENCEUSmNO 



1 JOENERALINFORMAHCW: 

/ i i i ) NUMBER OF SEqOENCBS: 10 

2 ) WFOBlAin^^ SEQ ID NO:!: 

( i )SBQUENCE'ciiAKACIERIsnCS: 

. ( A ) UBNOnt «1S bMc p«» 



( i i )MCILBCUlETWB:dJNA 

( A)NAMBKS%COS 
(B )lXX:An««:2T.336 



< X i )SK»JENCEreSCIUFnON:SEQn>NO:«: 
.CTTCCTTC C.O»CC.«.. CCO.A. JT, OCT CO. JT, JTO C„ CJC OX, 

c„ ,<,c CO oo» .0. c.c J,x joc oc, cj, c,c »c 

Ol, Atg Hi. Cy. Leu Arg Al« 25 

r: ii'. - i" J- i" n- 

A»n Al« « *" 3S 

___ TCT CCC CAC ATT ACT 

AAO AAT ATA GOT TCA AAC COT CCT CTO TCT C^^ 
Ly. At. Il« Oty S«. A.» Arg Pro l-e 

tij in I" tv- °" 
iv. %v, Ji: :?i in ;n JTt "? i" tv. - 
fi: n; tr. s?? ^ st: n: 
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CTG TOT CTO 



CTO ATC CAC 



I OCT 



TTT OCA CTT GTC 



TC CCT CTC ATO TAT CAT ACC TO 



OOO ATC COA 



A.p Leo Oly Ly 
140 

OTT OTC CTO OTT CTT AC 
V«l V«l Leo Val Leo Th 
15 5 

TOAAGAAAOO AGOCTCCCAO 
OTTTGTCATT CTTATCTCCA 
ATTTTCAGAT CTCCTTOGAO 
TAOTTTTCCC CTTOTTTCTA 
OCTTOCCTAC TCTCOOCCXA 
CTOAOOOTCA GCTTTTOOCT 
CTTCTOCCCT GOOOATOOOC 
TOCCTOTOOO iTTTGCTOGCT 
TAACAACTAA CACAOTOTTA 
C C C AO C * ^GA /fP P O A G AT A A A 
AAAtATATA,0 CTTTOQACAC 
TATTTCTTtt TCTTOOATTT 
ATOTACCCTT TTTTTCTOAA 
AA 

< 2 )|NIQItMiaiONFCRSBQIDNa2: 



. GGC CTO AAG ATT CCC CAO CTA 



T OTO TTO TCC TCT ATO 
t V.l Leo Ser Sei Me t 

CATCATCTTC CTACACATTA 

GCCTGOGAAA AGTTCTCCTT 

CAOTAGAOTA CCTOOTAOAC 

AAOATGAOOT OOCTOCAAAA 

OAAOCAOTTA TTCTCTCTCC 

CCTTCTTCCT OAOACAOTOO 

CaOOTTOOOO GOTOOOTTOC 
TAAAOOACAA TTCTCTTTCA 

GAGOOCTAOT TAOTTCTTGO 
GAGOAAOATC TAOAAAATTA 
CCAOAAAAOC CTCTTAATTT 
ACTOAATTAA ATACTCATTT 



TTACATTCAC 
ATTTGTTTAO 
CATAATAOTO 
ACTCCCCTTT 
ATATTOOOCT 
AAACAATOCC 
OTGAAOCTTT 
TTOOTGAOAG 



AGCAOCTOCT 
TCATTGAACA 
TATOCTTTCT 
TAAAAAAAAA 



CCATCTTTCT 
ATCCTTTTOT 
GAAAAGOOTC 
TTTOCCCACA 
TTOATTTOTG 
AOCTCTOTOG 
OOOTTOCCAC 
CCCAGOCCAT 
ATTAGTCTOT 
TTTOAOGAGA 
TATTAATOGT 
CATCOAAOTA 



<xi ) 

Met Ala 
1 

Bis Phe Ser Pr 
Z 

Tht Al* Lyi Ol 

3 5 

Aia Arg Pro Le 
SO 

Met Al« Met Se 

65 

Oly V.l Scr L« 

Ola Ser Ty r Le 
10 

tie Hi* Thr Ala 



Hi « Val Oly Arg 



Arg Phe Tip 



Bit Cy » Leo Arg 
1 5 

Val Pre Leo Oly Thr 
30 

Ly. A.n lie Oly Se 

Ser Ttp S«r Leo Pr 
60 

tie Ala Leo Ser Al 
SO 

Lea Pro Oly A»a Phe 
9S 



, tea Val Phe 
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O 1 B S e I a I y 



5p Leu Oly Ly • Oly 
I 40 

,1 Val Let. Val Leo 



( 2 )INPC«MAnONPORSBQIDN03: 

( i ) SEQUENCE CHARACTERISTICS: 
< A ) LENOTH: 25TIm» 
(B )TVPE:i"dw««l 
( C )STRANt«DNESS: limJe 
(D )T0POL00Tf:lhieK 

< X i ) SEQUENCE DESCIUPIION:SEQ ID N03: 

X.CCCCATAC TCAOOAOOCT OAAOCAOOAO .CXCOCXXOX ACTXOOOAOO XOOAOOXXOC 

.OXOAOCCAA OAXXOCACCA AXAXACXCCA OCCXOOOXOX CAaAXXOXOA CXCXOXCXCA 

AOAAAAAAAO AAAACXAAAA XCXXCXCCAX XXCAXAAXOa XTXAOAAXXO XAXOAOOXOC 

OAOOOOXCCC AOXXXTAXOX AXOAXXXXAO XXOXAACXXX XOACCAOCXO XOACAAOCXA 

cxxooxxxxc xccxcAO 



2 )n«lORMXnONF<»SBQIDNO!«: 

( i ) SEQUENCE CHARACTERIStlCS: 



(B )XYI>e: 
(OSIRAT 
(D )T0PO«X>y:Biie« 

i fSBliimKBDESCNmOI^-.SEQmtlcy*- 

eooxcxcxcx xxxxo.caxo xcoocccxox xacxcccxoo O..CXXXO.O xcxx.xxxa. 

X.CXXOXOAA .XCCCXCX<.X CXOOOOCCO CACXOXXCCX CACAOCXAAO XXXOCACXXO 
XCIXCCCXCX CAXOXAXCAX ACCXOOAAXO OOAXCCOACA CXXO 

( 2 ) WPORMAnON PC» SBQ ID NOS: 

{ i ) SEQUENCE CHARAClERISncS: 
( A ) tENOIH: 173 bMe pM* 
< B )XWE:«icWe»o4 
<C)SIIIANDeONBSS:iia«jte 
(D)TaroUX}'KSBHC 

( X i )SEQUENCBDBSCKn>Il!ON:SBalDN<M: 

OXAAOTXAAX XCOOOAXXXO CACAXXXXCX CXOXOAAOCO AOXOOOOAOA CXOOOACOAX 

XCXXXCCXXC AXXACXOOOX TXAOXOCXOX XCXXXTXXXX XXXXCCCAAO AOXOOACXOX 

CXCOCXCXAX XOCCCAOOCX OOAOXOCAOT OOXOCOATCX CAOCXCACXO CAA 

( 2 )INR»MiaK»»PORSB(lIDN(«! 



<A)lENOIH:327bt , 
(B )XYFE:inciacaial 

(D)10F0tXXIX:6aHK 



AATTaIcCCT CACXAAAOOO AOTCOACXCa ATCCCAAOXA <,TCXOXCXCC CAXCATAAAC 
XXOAACAXOA OXXXAAAXCX XCXCCXXXXC AAOOCCOOOX OCA.XOOCXC ACACCXOXAA 
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-continued 

TCTCAOCACT TTOOOAOOCA AAOOTGGOCA OATCACTTOA OOTCAOOAOT TCO 
CCTOOCCAAC TTOOTOAAAC CCTGTCTCTA CTAAAAATAC AAAAATTAGC TOG 
GOTGOGCACC TGTCATCCCC ACTACTCAGO AOOCTOAAOC AGOAGACTCG CTT 
GGOAAGTOGA AGTTOCAGT 
( 2 ) INFORMATION FOR SBQ ID NO:7: 



AACCCA 



( A ) LENGTH: 383 bMC pain 
<B ) TYPE: nucleic idil 
{ C ) SIRANraatWBSS: BBgle 
<D )TOI>OU>OY:1iiinr 



( X i ) SEQUENCE DESCRHTTCW: SBQ ID NOfl: 

TTOOCACCCA OTTTCTATTA AAOTTQGCCC AATTCTOTCC AACATCTCAA AACAGAAATO 

CAATATAATG TOTAOATAAO AAAAGGTAAT CTATTTOAGT CCTOTCAOAA OCACTACTCT 

OOGTCAACAO GAACOOAAOA ATOAAAOCAO CAACAATOGT TATCTAOCTC ATAACTOAAT 

CCCCAOTOTC TACAACAOTA CCTOACACAT AAATAOGTAC CAATTAATAT TTATOTCATA 

AACATOCATT CTATOCCTTC AGOOATCTCT TTTAAATATC CCTCTTAAAA ATOAAOAOTT 

CAOCAOGOCA CAOTOGCTCA .COTCTGTAAT CCTAOCACTT TOOOAAOCTO AAAAOOOTGG 
ATCACAAOGT C AGATTTO AA AA A 

( 2 )INR>RMAnONP0RSBQIDNO:8: . , 

i i )SBQOENCBCHARACIBRISnCS: ^ ■ ■. >•.■ 



( X i )SBQDENCEDESCRIPn<»I:SBQIDNO* 
TOOTOAAACC CTOTCTCTAC 

< 2 }INP08MAnONimSBQlDN0& 



( A )l£NaiH: 
( B )T5rPE: 

(C) 

(D >TORXjOaY:! 



TCTATGCCTT CAOOQATCTC 

( a jnaORMAnONFORSEQIDNOilO: 



(A)LEN0IH:ai>1>aKpa 
(B )TirFE:aaclaeKid 

<D)TaFOU>OKGanc 



ACTTOTOAAO TCCCTOTGTC 
( 2 >lNPaittiMrfaNFORSBQmHMk 
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) INFORMAntW FOR SEQ ID NO:l2: 



( X i )SKJ0ENCEDEStaUPnON:SKlIDNat2: 
VCTCGAOTC OXCATCOATT TTTTTTTTTT TTTTT 



2 )tNPORMAX10NPC«SEQlDNO:I3: 

( t ) SEQUENCE CHARACTEMSncS: 
<A)liNaTH:23l>»I«M» 
( B )TYPE:«iiddc«ad 
( C) SntANDBDNBSS: 
(D)T0POU0OV:lmMr 

< X • )SBe}MENCBDeSC!araON:SEQIDNO:l3: 

CCAOCCCCA TAOAOOACAA CAC 

2 )INP0RMAnc»»P0RSBQn)NO:14: 

( •• r 

( C ) SIRANMDNBSS: lil 



( X i ) SEQUENCE raSOOPnON: SUM iuri«™ 
OACTAaTCOA CTOCAOOOOO oooooooooo 

( 2 >lNFORMAnCWPC«SBQIDHO:lS: 



<A)LENOIHj 
(B )TYPEiBW*dc«c»d 
( C ) STOANMDNESS: « 
(D)T0P<HX)OY:Ii«c» 



( X i )SB<iaENCEDESCiaPnoN:SBQn>NO:15: 
TOCCAOCCCT ACAQAOOACA ACAC 
< i )INP(«MAnONP0RSBC[lDNO:I«: 



(O)TaP0IX)a«Giieac 



CTOOA qTAAO AACACTACTT TAAACCOTCC ^ _ 

60 

toe nonnal hsploid genome «rf tte 

of MAC,8^ ~°^*lif ^^jSi^tSSNa comprises a nttddc add sequiaicc en^ 
wherdBsaidcdllinehasbccndepoatedasAooesaoiiNa c«^«> 

ATCCOUL 11992. , , .„„ ^^-MACof dfflDai2.w*adastfduiuqiicdoiaiigs«e 
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5TheMACofcbum2.dLinsaidumqueclonmgsite 13. m method of stably expressing a seleOablemjto 

conip^ esTportion of a nudeic add sequence encoding a in a mammalian cell, compnsmg mtroducing MAC 8.23 

h^nCT-S^eselectedfromthegi^^consistingof Scq containing said selectable marker into sard ceU and stably 

ID No. 3. Seq. ID No. 4., Seq. ID No. 5, Seq. ID No. 6, Seq. expressing said selectable marker m said celL 

ID No. 7, and a pOTtion of Seq ID No. 1. 5 method of claim 13. wherein said selectable 

6. The MAC of claim 3. wherein said selectable marker is ^^^^ an exogenous nucleic add sequence. 

an exogenous nucleic acid sequence. 15 The method of claim 13, wherein said mammalian ceU 

7. An isolated mammalian cell contammg the MAC of J^^^;^^^^^3„d33ii.^i,,,^le marker complements 



8 The mammalian ceU of daim 7. wherein said cell is a lo said mutation, 

human cell. 16. The method of claim 13. wherdn said mtroduong 

9. An isolated mammalian cell containing the MAC of comprises fusing a host donor cell containing said MAC 
daim 6, wherein said ceU stably expsresses said exogenous ^ 2.3 with a recipient ccU, thereby producmg a hytdd cell 
nudeic add sequence. . containing said MAC 8.2.3. wherein said sdectable marker 

10. The mammaUanceU of daim 31, wherein said ceU is is ^^^j^jy gj^p^gssed in said hybrid cdl. 
ahumancelL f,^m map 5? 1 ^ 17 The method of woducing an exogenous mammalian 

11. A m<Jod of preparing a MAC from MAC 8.2.3. JJ^^^ ^ ^ ^^ri^ 
compnsing the stq)S of. s^"^ 

(a) fragmenting MAC 8.23. and (a) introducing MAC 8.23 containing an exogenous 

(b) sdecting a centromeric ftagment of said MAC 8.23, ^ nudeic add scqu«aice encoding the mammalian gene 
wherein said centromeric fragment contains less than product into said mammalian cell, and 
about0.1%oftheDNApresentinanoimalhaploidceU expressing said mammalian gene product in said 
torn which said MAC 8^23 was obt^ ^LLdian celL 



IZ Hie method of daun 11, ftether comprising the step ^ mammalian celL 
of first inseiting an exogenous nucleic add sequence encod- 
ing a selectaUe marker into said MAC 8.23. 
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Summary 

The paraoxonase/arylesterase gene is located close to the cystic fibrosis gene on chromosome 7. Human serum 
contains two paraoxonase/arylesterase allozymes, A and B, which differ in their substrate specificities and 
kinetic properties. Purified A, AB, and B esterases were digested with trypsin, and the resultant peptides were 
compared by high-performance liquid chromatography. The elution profiles were very similar for all three 
samples, except for (1) one peptide (i.e., peptide A) seen only in the A and AB profiles and (2) another peptide 
(i.e., peptide B) seen only in the B and AB profiles. Sequencing revealed that peptide A had glutamine at amino 
acid position 191, whereas peptide B was generated by cleavage on the carboxy side of position 191, presumably 
because there was a basic (trypsin-specific) amino acid at that position. Working independently, our laboratory 
and one other laboratory have sequenced the coding region for paraoxonase from human liver cDNA libraries 
and have identified two polymorphic sites: Arg/Gln at position 191 and Leu/Met at position 54. Using PGR 
amplification and direct sequencing of nucleotides in both polymorphic regions with genomic DNA, we have 
estimated the allelic frequencies and have determined their concordance with the serum paraoxonase allozyme 
phenotypes in 27 unrelated adults and in 16 members of a three-generation pedigree. Among unrelated 
individuals, the Met/Leu polymorphism at position 54 did not correlate with the serum esterase phenotype. In 
contrast, the particular amino acid at position 191 correlated perfectly with serum phenotypes: A-type 
individuals had Gin at position 191, and B-type individuals had Arg at position 191; AB-type serum was found 
only with the heterozygous (Arg/Gln) combination. Pedigree analysis showed both polymorphisms to be 
inherited in the expected Mendelian manner and confirmed that only the 191 polymorphism showed 
concordance with the serum paraoxonase/arylesterase phenotypes. 



introduction 

Human serum paraoxonase/arylesterase catalyzes the 
hydrolysis of organophosphates, aromatic carboxylic 
acid esters, and carbamates, but its physiological func- 
tion is still unknown (see the recent general review by 
La Du [1992]). The enzyme has been highly purified 
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from human serum, in this laboratory (Gan et al. 1991), 
and the characteristics of the two allozymic forms have 
been described (Smolen et al. 1991). 

The genetic basis of the paraoxonase polymorphism 
was first carefully investigated by Playfer et al. (1976). 
They concluded that high and low serum paraoxonase 
activities were controlled by two alleles at a single auto- 
somal locus. The two allozymes are presumed to be 
products of a gene (i.e., PON) located close to the cys- 
tic fibrosis gene on the long arm of chromosome 7 (Tsui 
et al, 1985). Several years ago, our laboratory developed 
a method for identifying A, AB, and B serum paraoxon- 
ase/arylesterase phenotypes (Eckerson et al. 1983^, 
1983i>). Advantage was taken of the observations that 
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the two allozymes differ in qualitative properties: the B 
allozyme has a relatively higher paraoxon-hydrolyzing 
activity and shows a greater degree of stimulation of its 
paraoxon-hydrolyzing activity by 1 M NaCl than does 
the A allozyme (Eckerson et al. 19834'). The quotient 
obtained by dividing paraoxonase activity in the pres- 
ence of 1 M NaCl by the arylesterase activity (measured 
with phenylacetate), called the "ratio" of these activities, 
has been used to diagnose the phenotype of serum sam- 
ples (Eckerson et al. 1983fc). Chlorpyrifos oxon has also 
been suggested as a substitute for phenylacetate for 
serum phenotyping (Furlong et al. 1988; Hassett et al. 
1991). The designated A, AB, and B esterase phenotypes 
are based on the ratios with the two substrates and fol- 
low the expected autosomal inheritance patterns; no ex- 
ceptions have ever been noted. The above genetic evi- 
dence strongly supports the view that either the two 
activities are properties of the same enzyme or the genes 
for the two enzymes must be very closely linked. Basic 
questions about (1) how the structural differences in the 
A and B allozymes account for their distinctive catalytic 
properties and (2) whether the allozymes both have para- 
oxonase and arylesterase activities have been under 
study for several years in our laboratory. 

This report describes experiments on purified A and 
B paraoxonase allozymes to identify the structural dif- 
ferences in the allozymic proteins, as well as molecular 
studies on human paraoxonase genes to determine the 
DNA basis for the paraoxonase polymorphism. Protein 
sequencing has revealed the possible occurrence of an 
intramolecular disulfide bond, the location of one 
asparagine-linked carbohydrate, and the first amino 
acids in the mature enzyme protein. We independently 
cloned the paraoxonase cDNA coding for amino acid 
methionine 11, to the last amino acid in the protein, 
and confirmed the full-length cDNA sequence recently 
reported by Hassett et al. (1991). Amino acids methio- 
nine 1 to glycine 10 were recloned from the same 
cDNA library used by Hassett et al. (1991). The loca- 
tion and some sequence data about two introns adja- 
cent to the two polymorphic sites are described in the 
present paper, since both were used in our laboratory 
for PGR amplification and direct sequencing of the 
polymorphic regions. Two common polymorphic sites 
at amino acids 54 and 191 (these same positions are 
designated "55" arid "192," rfespectively» by Hassett et 
al. 1991) have been identified, so it has been necessary 
to compare each person's serum paraoxonase pheno- 
type with their DNA-stractural polymorphisms in 27 
unrelated individuals and in members of a three-gener- 
ation pedigree, to determine whether one or both of 



the structural polymorphisms cosegregate with the 
serum paraoxonase phenotypic characteristics. We 
found that only the polymorphism at amino acid posi- 
tion 191 showed the expected correlation between 
paraoxonase genotypes and phenotypes. 

Material and Methods 

Paraoxonase Purification and Amino Add Sequencing 

Paraoxonase/aryl esterase was purified from frozen 
human serum that had been previously phenotyped ac- 
cording to a method described elsewhere (Eckerson et 
al. 1983fc) and is summarized in the Phenotyping sub- 
section below. Several units of serum, usually four, 
from different individuals of the same A, AB, or B phe- 
notype were pooled and purified by the method devel- 
oped in our laboratory (Gan et al. 1991); serum was 
titated with a blue agarose column, washed with salt 
buffer, and eluted with detergent buffer. Active frac- 
tions were fractionated on a DEAE biogel column, 
washed with detergent buffer, and finally eluted with a 
salt gradient. Most preparations were carried through a 
second DEAE-agarose-column purification step and 
were estimated to be over 50% pure enzyme, on the 
basis of the specific activities obtained, and to be over 
90% enzyme protein, on the basis of the PAGE gel 
patterns of the stained protein bands (Gan et al. 1991). 
The purified enzyme has a molecular weight of about 
43.0 kDa. A purification scheme for rabbit and human 
serum paraoxonases has been described by Furlong et 
al. (1991). Amino acid sequencing of peptides obtained 
by proteolytic digestion of purified enzyme revealed 
that human apolipoprotein was a minor contaminant in 
our preparations, but no other contaminants were 
identified. Non-apolipoprotein A-I sequences were as- . 
sumed to represent paraoxonase protein, and these 
were later identified in the protein sequence translated 
from the cDNA nucleotide sequence. 

The purified paraoxonase preparations were digested 
with trypsin or pepsin, and the resultant peptides were 
characterized and separated by high-performance liq- 
uid chromatography (HPLC) as described by Lockridge 
et al. (1987). Some of these peptides were sequenced 
manually by the Edman degradation method (Tarr 
1982), followed by quantitation of the derivatized 
amino acids by HPLC (Black and Coon 1982). Se- 
quence searches and comparisons with known protein 
and DNA sequences were carried out by using the facili- 
ties of Protein Identification Resource (Georgetown 
University, Washington, DC), Intelligenetics (Mountain 
View, CA), and Genetics Computer Group (Madison). 
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Genbank (Cambridge, MA) was used for homology 
searches. 

A sample of undigested purified paraoxonase/aryles- 
terase was submitted, for automated amino acid se- 
quencing, to the University of Michigan Protein and 
Carbohydrate Structure Facility, to verify the amino 
acid sequence at the N-terminus of the mature protein. 
Since this nonapolipoprotein sequence showed that the 
first amino acid was alanine, the latter was designated 
as "residue number 1" of the paraoxonase amino acid 
sequence. The first base of the codon for that initial 
alanine was identified as "nucleotide number 1" in our 
numbering system for the cDNA and genomic DNA 
sequences (fig. 1). Hassett et al. (1991) concluded that 
the amino acid (i.e., methionine) preceding what we 
have named "ala 1" was the first amino acid in the 
nascent paraoxonase protein, and so Hassett et al.'s 
numbering begins by designating that initiator methio- 
nine' as "amino acid 1." The University of Michigan 
Protein and Carbohydrate Structure Facility also ana- 
lyzed a number of the isolated peptides for both the 
amino acid sequences and carbohydrate components. 

Cloning and Sequencing of the Paraoxonase cDNA 
Clones 

A human liver cDNA library was provided by Dr. S. 
Woo (Kwok et al. 1985). This library was screened by 
standard in situ hybridization techniques (Maniatis et 
al. 1982). The oligonucleotide probes employed were 
either mixtures of oligonucleotides to include al! the 
possible codon compositions or unique-sequence oligo- 
nucleotide probes constructed on the basis of tryptic 
digest peptide sequences obtained from purified para- 
oxonase. The codons selected for the unique-sequence 
probes were those most frequently used for those 
amino acids in human proteins (Lathe 1985). Lambda 
gtll clones were subcloned into M13 sequencing vec- 
tors, and these were sequenced with universal and spe- 
cific primers (Sanger et al. 1980). 

By use of random-labeled probes (Feinberg and Vo- 
gelstein 1983) generated from our first clones, the Woo 
library was rescreened by in situ hybridization tech- 
niques. Hybridizing plaques were characterized by PCR 
amplification without plaque purification or DNA iso- 
lation (Hamilton et al. 1991). Lambda gtll primers 
were purchased from New England Biolabs. 

To examine the Woo library specifically for clones 
extending as far as possible in the 5' direction, an ali- 
quot of the library was amplified by the PCR technique 
(Hamilton et al. 1991) by pairing vector primers and 
paraoxonase primers located near the N-terminal se- 



quence of paraoxonase. The products were directly se- 
quenced with nested paraoxonase primers extending 
toward the N-terminal end of the protein. Another hu- 
man liver cDNA library, HLlOOlb, purchased from 
Clontech, was analyzed in a similar manner. 

Several introns were located by PCR amplification of 
genomic DNA with cDNA primers. Genomic PGR 
products were examined to see whether any were appre- 
ciably larger than expected; these would probably con- 
tain intron sequences. A number of these were se- 
quenced to determine both whether the sequences 
were indeed from the paraoxonase gene and exactly 
where introns were located. Both a 1.0-kb intron in the 
region coding for amino acid 66 and a 1.6-kb intron in 
the region coding for amino acid 234 were found 
(fig. 1). 

6/ood and DNA Samples 

Blood samples (10-20 mL) were collected from 24 
unrelated volunteers and were also recollected from 16 
members of a three-generation pedigree that we had 
previously analyzed, in 1988, for the atypical (di- 
bucaine-resistant) variant of butyrylcholinesterase (Mc- 
Guire et al. 1989). Three unrelated individuals from this 
pedigree {II-:6, 1-l, and 1-2, who had genotypes A A, AB, 
and BB, respectively) have also been included, to make 
the total of 27 unrelated individuals. DNA was isolated 
from the bufFy coat of the blood samples by the salt- 
chloroform extraction method of Mullenbach et al. 
(1989). 

PCR An)plification of the Polymorphic Sites 

Genomic DNA sequences in the regions coding for 
the two polymorphic sites both occur close to introns, 
so one of each pair of the PGR amplification primers 
was selected to be an intron-region primer. Thus, pairs 
of one intron primer and one exon primer were used for 
the regions corresponding to amino acids 54 and 191. 
PCR amplification products, approximately 180 and 
230 bp, respectively, were obtained individually or in 
the same amplification mixture, for direct sequencing 
with suitable intronic primers (fig. 1). 

Phenotyping 

The quotient of paraoxonase activity measured at 
pH 10.5 with 1 M NaCl in the reaction mixture, di- 
vided by the arylesterase activity with phenylacetate, 
was calculated as described elsewhere (Eckerson et al. 
19S3b; Can et al. 1991). The ratio of these activities was 
used to determine individual phenotypes, as follows: 
type A, ratio 1.21 ± 0.19; type AB, ratio 4.68 ± 0.85; 
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and type B, ratio 8.36 ± 0.70 (data are mean ± SD). 
Phenotype ranges are 0.9-2.5, 2.6-7.5, and 7.6-12.0, 
respectively, for the A-, AB-, and B-type allozymes. 

Results 

Enzyme Purification and Peptide Analyses 

Purified paraoxonase/arylesterase preparations were 
used to determine the N-terminal amino acid residues, 
to gain information about the secondary structure of 
the enzyme, and to obtain sequence information for 
later use to clone the paraoxonase gene. Our early 
cDNA cloning revealed that about half of the amino 
acid residues of the mature protein were included in the 
sequencing of the 13 tryptic and peptic digest peptides 
obtained from the purified enzyme. Nonparaoxonase 
sequences from our protein preparations were all from 
apolipoprotein A-I. 

Samples of purified paraoxonase were subjected to 
nonreducing trypsin or pepsin digestion, followed by 
isolation and purification of the resulting peptides by 
HPLC. A few of the fractions sequenced in the earlier 
experiments were obviously contaminants, derived 
from human apolipoprotein A-I. However, most 
peptides sequenced had no matches in the available 
computerized sequence banks and vverc used later 
in designing oligonucleotide probes to clone the para- 
oxonase gene. One tryptic peptide gave two simulta- 
neous sequences, and it was resolved by reduction into 
two constituent peptides that were then separated and 
individually sequenced. Each contained a cysteine resi- 
due (residues 32-45 and residues 349-354) (fig. 1). The 
shorter peptide (residues 349-354) of the two was be- 
lieved to be the carboxyl terminus of the protein, be- 
cause of the complete absence of additional amino 
acids after Leu 354 in subsequent sequencing cycles; 
the other peptide in the disulfide linkage (cysteines 41 
and 352) was later located near the amino terminus of 
the protein. The carboxy termini and amino termini of 
native paraoxonase may be in disulfide linkage through 
cysteines 41 and 352. One peptide (residues 250-259) 
contained a carbohydrate moeity, later shown to be 
linked to asparagine 252 (fig. 1). Subsequendy cDNA 
sequencing revealed several additional possible sites for 
N-glycosylation. The carbohydrate content of the puri- 
fied enzyme was found to be 15.8% (Gan et al. 1991). 

Sequence analysis of undigested enzyme showed the 
first four residues of the mature serum paraoxonase to 
be alanine, lysine, leucine, and isoleucine, and this se- 
quence was subsequently confirmed by the DNA nu- 
cleotide sequences. The ease of sequencing the undi- 



gested enzyme isolated by the DEAE agarose II step 
indicated that the apparent blockage of the N-terminal 
amino acid that we noted earlier (Gan et al. 1991) proba- 
bly resulted from the extra steps used in the isolation 
procedure at that time, such as extraction of the puri- 
fied protein from acrylamide gel. 

Allozymic Differences in Peptides 

Tryptic digest peptide profiles after HPLC analysis 
from purified preparations of A, AB, and B phenotype 
samples showed distinctive patterns (fig. 2). Although 
the three profiles were very similar, one unique peak 
(peptide A) was present in the preparations of A and AB 
samples, and another unique peak (peptide B) was seen 
only in the profile of B and AB samples. Peptides A and 
B had retention times of 40 and 44 min, respectively. 
Peptides A and B were collected in two subsequent 
HPLC runs, and the amino acid sequences were deter- 
mined (fig. 3). These obviously were not alternative se- 
quences at the same location, and their relationship did 
not become clear until some months later, after we had 
cloned the paraoxonase/arylesterase cDNA and had 
translated the nucleotide sequence to amino acids. It 
was then obvious that the two peptides were adjacent 
and differed in amino acid residue number 191 (fig. 3). 
Peptide B represented roughly the second half of pep- 
tide A. Since peptide A had Gin at position 191, no 
tryptic cleavage would occur between residues 191 and 
192 in this long peptide. In peptide B, however, the first 
residue was number 192, and residue 191 should be 
either arginine or lysine, to create a tryptic cleavage site. 
Amino acid 191 was found to be Arg, in our cDNA 
library sample. It seemed possible that Gin/ Arg at posi- 
tion 191 might be the critical feature determining the 
A/AB/B phenotypic polymorphism. 

Cloning of Human Paraoxonase/ Arylesterase 

The entire paraoxonase coding region was se- 
quenced by using a combination of different methods. 
The Woo human liver cDNA library did not extend in 
the 5' direction any farther than the codon for residue 
11 (methionine); however, it was very useful for se- 
quencing all of the remaining coding sequence in the 3' 
direction — i.e., through residue 354, the last amino 
acid of the mature protein, and to the polyadenylation 
sequences. The "Woo cDNA library in lambda gtll was 
initially screened with oligonucleotide probes PX2 and 
PX5 (fig. 1), as described above under Material and 
Methods. Two overlapping clones were isolated and 
analyzed; clone W-IH4 extended from nucleotide 150 
to nucleotide 1646; it represented amino acids 50-354 



Tyr Gin Thr Arg Leu Asn Ala Leu Ara Clu V«l Cln Pro Val Glu ^™ ^ ^ ^ ^ 

TKC CAA ACA °™ PX21- - 



Gly Ser Glu Asp I Leu I Glu He Leu Pro Asn Gly Leu Ala 



GAGT6TTT TCTTTCACTT 



Thr Val Leu Glu Leu Gly He 



AGO: ACA TTC AC* 



TTG TTT AAA TTT CAA GAA 



Asp He Val Ala Val Gly Pro Glu His Phe Tyr Gly 
GAT ATT GTT GCT GTG GGA CCT GAG CAC TTT TAT GGC 



Glu Gly Phe 



.. .ATGAATACOT ATTACAACTT CATCCTTAAT CTCTCAOTTG TOTTACTTCT ACTACTTTOA TBTXOACTCT tTCTTCTTTG AAGGTATGMC \/ 



Figure I Human serum pataoxonase/arylesteiase cDNA showi^ sequenced peptides and the oligonucleotides used to characterize the 
gene and polymorphic sites. The location of two introns and the DNA sequence of the introns adjacent to the intron-exon junctions are 
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and extended 584 nucleotides beyond the coding re- 
gion in the 3' direction. Clone W-II-12 contained nu- 
cleotides 300-1308, representing amino acid residues 
100-354, and it extended 246 nucleotide bases 3' 
beyond the last amino acid. No differences were found 
in the nucleotide sequences in the overlapping segment 
of these clones. 

The Woo library was also screened with a random- 
labeled cDNA probe derived from clone W-II-14, 
which represented the 5' portion of the cloned cDNA. 
Eighteen hybridizing plaques were found. These non- 
plaque-purified clones were analyzed by direct PGR of 
heat-denatured viral particles, to find those that might 
contain additional coding sequence toward the 5' end. 
First, clones were amplified with human paraoxonase 
primers encompassing amino acids 50-188 (bases 150- 
564), with primers PX7 and PX6. Clones yielding PGR 
products of approximately 400 bases were further ana- 
lyzed. These were amplified with lambda gtll primers 
(forward or reverse primers) in combination with 
primer PX6. Clones having additional 5' coding se- 
quence would produce fragments larger than the PX6/ 
PX7 product. Clone W-IV-10 gave the longest PCR 
product, and it was direcriy sequenced by using para- 
oxonase primer PX8. Clone W-IV-10 coded for 21 ad- 
dirional amino acids and allowed the DNA sequence 
corresponding to amino acids 29-50 to be identified. 

Direct amplification of an aliquot of the Woo library 
as described under Material and Methods gave the 
DNA sequence for the region coding for amino acids 
10-29, but there appeared to be ho clones extending in 
the 5' direction any farther than the codon for amino 
acid 10. Therefore, another human liver cDNA library, 
HLlOOlb, was used to obtain the nucleotide sequence 
extending in the 5' direcrion to the -4 codon, by direct 
PCR amplification and sequencing. No clones extend- 
ing in the 5' direction past the -4 codon were found in 
this library. The HLlOOlb library was used by Hassett 
et al. (1991) for their sequencing of paraoxonase cDNA 
clones, and they also found no clones extending 5' 
beyond the -4 codon when they used in situ hybridiza- 
tion techniques with this cDNA library. 

Polyadenylation sites were found at two locations: 



246 and 584 nucleotide bases downstream from the last 
amino acid codon in the Woo cDNA library. Hassett et 
al. (1991) found three polyadenylation sites to be pres- 
ent in clones from the HLlOOlb cDNA library. 

Polymorphic Sites 

We examined both polymorphic sites in a population 
sample by direct sequencing after PCR amplification of 
those regions, to verify the structural mutations of pri- 
mary interest, and we compared the neighboring nu- 
cleotides in these individuals. Genomic DNA samples 
from 27 unrelated people and from family members of 
a three-generation pedigree were sequenced to deter- 
mine the allelic frequencies and inheritance patterns of 
both polymorphisms, as well as their concordance with 
the individual serum paraoxonase/arylesterase pheno- 
types. 

Results from the tests in 27 unrelated individuals are 
shown in table 1. It is clear that the polymorphism at 
position 54 does not correlate at all with the paraoxon- 
ase phenotype, but the polymorphism at position 191 
does. All the A-phenotype individuals were homozy- 
gous for glutamine at this position. The other pheno- 
types were equally in agreement with corresponding 
genotypes; those homozygous for arginine had B-phe- 
notype esterase, and all those heterozygous (AB pheno- 
type) had glutamine/arginine at the polymorphic site. 
The amino acid at posidon 54 in individuals homozy- 
gous for glutamine at amino acid 191 did not correlate 
with serum arylesterase activity, serum paraoxonase ac- 
tivity (with or without 1 M NaCl), or quotients calcu- 
lated from these three activities. Further studies will be 
needed to find out how the allozymes can be influenced 
by the parricular amino acids at position 54. 

The results from the pedigree analysis (fig. 4) were 
equally unequivocal about the correlation of the para- 
oxonase/arylesterase phenotypes with the polymor- 
phism at position 191. In contrast, the amino acids at 
position 54 did not correlate with the serum esterase 
polymorphism. The same associarions were seen in re- 
lationships between the amino acids at posirion 191 
and the serum enzyme phenotypes in the family pedi- 
gree as were seen in the collection of unrelated individ- 
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ALLOZYME A 

...KiLLPNLNDlVAVGPEHFYGTNDHYFLPYLgSWEMYLGLAWSYVVVYSPSEVRV2,4... 

aa191 

THEORETICAL TRYPSIN CLEAVAGE 

...K LLPNLNDIVAVGPEHFYGTNDHYFLPYLQSWEMYLGLAWSYVVYYSPSEVR V214... 

PEPTIDE A 

LLPNLND I V A VGPEHF YGTNDHYFLPYLQ 



ALLOZYME B 

...KLLPNLNDIVAVGPEHFYGTNDHYFLPYLRSWEriYLGLAWSYVVYYSPSEVRV2,4... 

aa191 

THEORETICAL TRYPSIN CLEAVAGE 

...K LLPNLNDIVAVGPEHFY6TNDHYFLPYLR SWEMYL6LAWSYVVYYSPSEVR y^,^... 

PEPTIDE B 

SWEMYLGLAWSVVVYYS 

Figure 3 Unique tryptic peptides from human serum panioxonase allozymes A and B. The theoretical tryptic peptides f^^^^^^^J-^^^ 
,IU™s A and B as deteZned f rom the DNA sequencing of A- and B-type individuals, respectively, are compared w, h actual trypt.c peptides 
gelleLTed ?™m S'on^f allozymically pure precautions of hunian serum pat^oxonase. Peptides A and B could only be sequenced through 
29 and 17 residues, respectively. 



uals. It appears likely that the polymorphism at position 
191 affects in some way the structural properties of the 
enzyme, which confer the distinctive catalytic proper- 
ties to the A, AB, and B types of paraoxonase/aryles- 
terase. 

Discussion 

The structural basis for each of the two polymorphic 
sites is shown in figure 1. The Met/Leu polymorphism 
at position 54 depends on ATG/TTG, and the Arg/ 
Gin polymorphism at position 191 depends on CGA/ 
CAA. Both polymorphic sites involve base changes that 
theoretically could be detected as RFLPs. If Nlalll were 
used, the Met sequence CATG would be cut, but the 
CTTG sequence for Leu would not be cut; and Alwl 
would cut the sequence (C)GATCC of Arg but would 



not cut the corresponding {C)AATCC sequence of Gin. 
However, we elected to use direct sequencing of PGR 
products. The data presented here offer evidence that 
the polymorphic human serum paraoxonase/arylester- 
ase phenotype is associated with the Arg/Gln structural 
polymorphism at amino acid position 191. We con- 
clude that the A allozyme has glutamine at this position 
and that the B allozyme has arginine at this position. 
This difference in structure of the allozymes also ex- 
plains why the B form has an additional trypsin cleavage 
site, and this would account for the unique A and B 
peptide peaks observed after tryptic digestion of the 
purified, paraoxonase allozymes. How these particular 
amino acid substituents at position 191 influence the 
qualitative properties of the esterase must still be deter- 
mined. 

It is very likely that the serum enzyme is produced, at 
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Table I 

Correlation of Serum Paraoxonase Phenotype and Genotype 



Serum Type and 



PA- PX" 
(Hmol/min/ml) (^mol/min/ml) 



PX/PA 
Ratio 



Amino 
Acid 191 



Amino 
Acid 54 



AB: 



Dli .... 
Lst .... 
Rso ... 
Svo ... 
Spr.... 
Jko ... 
Aha ... 
Wwe .. 
Sla .... 
Dla ... 
Pea ... 
Ela.... 
i: 

Sad ... 
Kdi ... 
Bda ... 
Jde.... 
Tin ... 
Hca .. 
Kch .. 
Lze .. 
Mge . 

Bla ... 
Ata .. 
Jda... 
Aca .. 
Jva... 



846 
890 
1,006 
737 
1,063 
1,020 



9.3 
10.3 



Q,Q 
Q.Q 

Q.Q 
Q.Q 
Q,Q 
Q,Q 
Q,Q 
Q,Q 
Q,Q 
Q,Q 
Q.Q 
Q,Q 

Q,R 
Q,R 
Q,R 

Q,R 
Q,R 
Q,R 
Q,R 
Q,R 
Q,R 

R,R 
R,R 
R,R 
R,R 
R,R 
R,R 



M,M 
M,M 
M,M 
M,M 
M,L 
M,L 
M, L 
M, L 
L,L 
L,L 
L,L 
L,L 

M.M 
M,M 
M,L 
M, L 
M, L 
M, L 
L,L 
L,L 
L,L 

L,L 
L,L 
L.L 
L,L 
L,L 
L,L 



■ Phenylacetate. 
Paraoxon in the presence of 1 M NaCI. 



least in part, by the liver. The serum esterase amino acid 
sequence determined by sequencing tryptic and peptic 
digest peptides has been found to be the same as that 
deduced from the human liver cDNA clones. Southern 
blots of human genomic DNA support the notion that 
there is a single gene for paraoxonase (Hassett et al. 
1991). These authors also noted the two polymorphic 
sites and suggested that one or possibly both might be 
responsible for the polymorphic forms of the serum 
esterase. 

It should he mentioned that in the tryptic analysis 
experiments extending over 10 years in our laboratory, 
with many preparations of purified enzyme prepara- 
tions, we have seen only a few peptides that could not 
later be accounted for within the esterase sequence 
shown in figure 1. Most of these exceptions were frag- 



ments of apolipoprotein A-I. In addition, sequencing 
the undigested enzyme gave a strong, single peptide. 
This finding supports the notion that one enzyme has 
both paraoxonase and arylesterase activities. Thus, 
there is no evidence, from peptide or protein sequenc- 
ing, for the presence of another protein copurifying 
with paraoxonase/arylesterase, and there is no sup- 
porting evidence for the proposal, by others, that hu- 
man serum contains distinctly different enzymes for its 
paraoxonase and arylesterase activities (Mackness et al. 
1987). Expression studies are in progress in our labora- 
tory, to determine (1) whether enzymes produced from 
the cDNAs corresponding to the A and B phenotypes 
have the expected phenotypic properties and (2) 
whether they are able to hydrolyze both organophos- 
phate and carboxylic acid esters. 
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PX/PA=7.0 
Gin Arg 



PX/PA=9.7 
Arg Arg 
Leu Leu 



PX/PA=7.0 
Gin Arg 
Met Leu 



10.7 
Arg Arg 



1.9 
Gin Gin 
Met Leu 



10.0 
Arg Arg 
Leu Leu 
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11.7 
Arg Arg 
Leu Leu 



7.0 

Gin Arg 
Met Leu 



Gin Arg Gin Arg 



Figure 4 Compariso 



Tiined by sequenc- 



n of human serum paraoxonasephenotype with Gln/Arg and Met/Leu polymorphi 
ingVf amplified genomic DNA. Unbbci<ened symbols denote A-type individuals; half-blackened symbols denote AB-type mdmduals; black- 
ened symbols deLte B ind.viduals; and PX/PA signifies the following ratio: nanomoles of paraoxon hydrolyzed (per mmute per m.lhhter .n the 
presence of 1 M NaCl at pH 10.5), divided by micromolcs of phenylacetatc hydrolyzed (per m. 
phcnotypc. The disposition of individual alleles in respect to Gln/Arg and Met/Lcu polymorphi 



per milliliter) used to determine serum 
shown. 



To date, the number of individuals tested for the two 
polymorphic frequencies and linkage is too small to. 
allow allelic frequencies to be calculated with any de- 
gree of confidence. However, it is clear that both poly- 
morphisms are common ones, and, among the unre- 
lated 27 individuals. Met had a frequency of .4 and Leu 
had a frequency of .6, at amino acid position 54. Met 
and Leu at position 54 were equally frequent in individ- 
uals homozygous for Gin at position 191 (A-type indi- 
viduals), but Met 54 was not found in any individuals 
homozygous for Arg at position 191 (B-type individ- 
uals). Two AB-type individuals were homozygous for 
Met 54, so there were at least two Argl91/Met54 allo- 
zymic combinations represented in this small group. 
The total distance between these markers cannot be 
estimated accurately at this time, because the number 
and length of introns between these markers are still 
uncertain. However, the distance must be relatively 
short, and the appreciable linkage disequilibrium ob- 
served was not unexpected. The gene frequencies for 
the A/B polymorphism in different ethnic groups 
around the world have recently been reviewed (La Du 
1992). The frequencies in Caucasian populations are 



about .71 and .29 for the A and B alleles, respectively. 
The somewhat lower frequency (.61) of the A (Gin) 
allele in our sample of 27 unrelated individuals is proba- 
bly due to the small sample size. The presence of addi- 
tional alleles affecting this esterase can be anticipated in 
the future. For example, more than one high-paraoxon- 
ase-activity allele has been proposed by Nielsen et al. 
(1986). A DNA basis for identification of such allelic 
variations will now be possible. 

Note added in proof. — Similar conclusions about the 
molecular basis of the paraoxonase polymorphism have 
been reached by another laboratory, and these are de- 
scribed in a paper by Humbert et al. (in press). 
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^l^-f^ 'u- °f 0'-g«nophosphates, such as the 
SS? widespread use over 40 years ago. 

P450 system of hver and by other tissues^-- Hydrolysis of 
paraoxon is catalysed by serum paraoxonaL (PO^/ 

hpoprotem fraction of serum«- 

There is a 10-40-fold difference in serum PON activity . 
bet^reen individuals-. For a given individual, PON 
acavityisstableovertime'andisgen^^^^ 
Populations ofEmopeanancestrf-haveapproximately 
50%homozygotesforanalIozymewithIowPONactivity; 
10% homozygotes for a high activity aUozyme. and 40% 

hetero:jgotes. Some non-Caucasian populations showa 
reduced frequency of the low activity aflele"-" The 

sKfrnnLH ^ higher pH Optimum for maximal 

salt stunulation than the low activity aUozyme" The 
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indicate that serum PON is protective agSns^ 
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fnSr? '"^e""' °f enzyme activity betJ^n 

ind mduaJs withm each allelic class blur this distinction 

SnI ^>'^™'y^'^' °^ phenyl acetate 

hydrolysis versus PON activity allow better 
discnmmation between alleKc classes 

In addition to its intrinsic interest, die PON activity 
polymorphism is of historical importance as it w2 
first genetic marker which was found to be linked to the 
cysacfibrosis(CF) gene--. In these early studies.E^^^^^ 
SLt POM r","!f biochemical assays to de ermSf 
botii CF and PON to markers in die middle of the long 
tlTjI f'^'^T'^'. ^ 29-34), which led to 
geneSf ''^'^ P^^'*^^'^^ '^^^S of the defective CF 
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in done HuPON3; position 192 was glutamine in clones 
HuPON 1 and HuPON2 and arginine in clone HuPON3''. 
Since heterozygotes for PON activity are abundant in the 
Caucasian population from which the cDNA library was 
prepared, we investigated whether either of the two 
observed amino acid substitutions was rebted to the 
activity polymorphism. The sequence differences noted 
in the cDNA clones are distinguishable by a change in a 
site for restriction endonudease A/wI for the sequence 
corresponding to amino add positionl92 and a change in 
a Mfllll site at position 55. 

PON polymorphism and amino acid 192 

In order to determine whether the observed amino acid 
difference(s) constituted the molecular basis of the activity 
polymorphism, we determined the phenotype of 23 
. individuals by enzyme assays". The subjects fell into the 
expected three classes (that is homozygous low, 
heterozygous,andhomozygoushigh;Fig. la).Polymerase 
chain reaction (PGR) fragments amplified firom genomic 
DNA from each were examined for presence of the G\n 1 92 
versus Argl92 alleles by restriction analysis (Fig. lb) and 
hybridization of aUele-specific oligonucleotides to dot 
blots (Fig. Ic). 

Four individuals predicted to be homozygous for the 
high activity aUde from enzyme assays had amplified 
fragments which were cut by AlwL and which hybridized 
withtheArgl92-specificoligonudeotide.Eightindividuals 
homozygous for the lowactivity allele had PCR-amplified 
fragments which were not cut by Alwl and which 
hybridized with the Ghil92-specific oligonucleotide. The 
PGR amplified seqments from 11 heterozygotes were 
partially cut by Alwl and hybridized to both 
oligonucleotides. These results show that argnme is 
present in the high activity allozyme and glutamine is 
present in the low activity allozyme at position 192 of 
serum PON. 



N-terminai region of PON 

aoneHuPON3 is aaincompletereverse transcript which 



Fig. 1 Typing individuals for serum paraoxonase alleles and 
assodation with sequence coding for amino add at 
ix>sition 192. a, Plot of phenyl acetate hydrolysis versus 
PON activity demonstrating three allelic classes, o, 
Individuals homozygous for the low activity allele (Lows), A, 
Heterozygotes. •. Individuals homozygous for the high 
activity allele (Highs), b. Digestion of 99 bp PGR amplified 
fragments with restriction endonudease A/w I. Une 1, 
clone HuPonI (Gln192); lane 2. done HuPonS (Arg192); 
lane 3. PGR reaction minus DNA; lanes 4-7. highs; lanes 8- 
15. lows, lanes 16-26. heterozygotes. c. Dot blot probed 
with Gln192-specific (left) or Arg192-spedfic (right) probe. 

lacks the nucleotide sequence corresponding to the first 
29 amino acids of the high acitivty servim PON/arylesterase. 
In order to eluninate the possibility that additional amino 
add differences between the high and low activity alldes 
are present in this region, the DNA sequences for the first 
two coding exons corresponding to the first 48 amino 
acids of PON were amplified from genomic DNA and the 
sequences determined. DNA from three individuals 
homozygous for the high activity allele and four individuals 
homozygous for the low activity allde was analysed. The 
coding sequence for this region of all seven individuals, 
was identical to the sequence of done HuPONl. 
Additionally, we previously purified human PON from 
an individual homozygous for the high activity allele and 
determined by direct protein sequendng that the first 10 
amino adds beyond the cleaved N-terminal methionine 
are identical to that found in the low activity clone 
HuPONl*". Thus, there are no differences between the 
high and low allozymes in the N-ternunal region. 

PON polymorphic site at position 55 

We also examined the role of the amino acid at position 
55. N/alll digests of PGR amplified fragments and 
oligonucleotide-specific dot blotting indicated that 
position 55 was polymorphic with an allele frequency of 
0.74 for the leu55 allele and 0.26 for the met55 allele in our 
sample (data not shown). Members of the homozygous 
low activity group were found with all three possible 
combinationsofposition55alleles(Met55/Met55,Met55/ 
Leu55, and Leu55/Leu55). The lack of concordance 
between allelic status of the acti\dty polymorphism and 
residue 55 indicates that this position is not involved in 
determination of the allozyme type. 

Mapping human PON cDNA clones 

Somatic cell hybrid and restriction fragment length 
polymorphism studies have mapped the biochemically 
defined PON locus to tiie middle of the long arm of 
diromosome 7 near the CFTR locus"'". We used in situ 
hybridizationofradiolabdledcDNAtohumanmetaphase 
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chromosomes to determine whether the clone hybridized 
tothepredictedlocation.Wefoundthatautoradiographic 
grains were localized to bands q2 1 and q22 on chromosome 
7 (Fig. 2) , as expected. The lackof significant hybridization 
to other chromosomes confirms our earlier conclusions 
based on Southern blot analysis that serum PON is 
probably not a member of a multi-gene family". 

Discussion 

The PON activity polymorphism has been the subject of 
numerous studies for more than 20 years'". Our results 
indicate that the difference between die two aUozyme 
types is due to a single amino acid substitution which can 
easily be determinedbyrestriction enzyme analysis. These 
two polymorphic markers will be useful in future genetic 
and physical mapping studies of Chromosome 7 — our in 
situ hybridization data confirm the earlier chromosomal 
assignments of PONbased on the activity polymorphism. 

Substitution of glutamine for arginine at position 192 
affects the diarge of the enzyme and might be expected to 
have effects on substrate turnover number if near the 
active site. The presence of Argl92 in the high activity 
aUozyme in humans compares to a Lysl92 residue m 
rabbits. The rabbit enzyme also has a high turnover 
number for paraoxon. 

The high level of conservation (>85%) between human 
and rabbit serum PON sequences^' suggests a conserved 
function. PON activity has been reported to be reduced 
foUowing myocardial infarction-". Addition of purified 
PON was found to reduce oxidation of LDV^. The low 
activity allele has been associated with lower triglyceride 
and higher LDL cholesteroF, however the anomalously 
small number of homozygous high individuals suggests 
that some misclassification of subjects may have occurred. 
Biochemical assays donoteasilydistinguishheterozygotes 
at the high end of the range from homozygotes for the 
high allele. The molecular assays described here provide 
accurate discrimination between these groups. By allowing 
accurate typing of subjects, any physiological effects of the 
PON activity polymorphism will be more easily measured 
in future work. The studies of association with lipid 
levels*'-^' and localization to the HDL particle* suggest 
PON involvement in lipid metabolism, but as yet no 
physiological substrate has been identified. It is thus not 
yet possible to define the importance of the PON activity 
polymorphism in normal metabolism. The animal studies 
noted above have established that serum PONis important 



in protection against toxicity due to organophosphate 
substrates of the enzyme. 

Methodology 

Human subjects.23subjectsweremvestigated,mdudingfive subjects 
whose allelic status was known from previous biochemical studies 
(two were homozygous for the low allele, one was heterozygous, and 
two were homozygous for the high activity allele). 22 subjects were 
of Caucasian ancestry and one was of mixed Caucasian and Chinese 
ancestry. Blood samples for assay of PON activity were collected in 
lithium-heparin tubes. Blood samples for DNA preparation were 
collected in EDTA tubes. 

Lymphocyte DNA. Lymphocytes were isolated from blood and 
DNA was prepared as described". 

Enzyme assays. Hydrolysis of phenyl acetate'" and paraoxon" were 
described. 



Amplification of DNA. Sequence information from genomic 
clones encoding serum PON (R.H. and C.E.F., unpublished data) 
allowed designofprimersforPCRamplification*'ofspecificsegments 
of PON genomic DNA from human subjects. All primers were used 
at 0.5 JlM. An initial incubation of 3 min at 93-95 °C preceded 
amplification of genomic DNA. Primers for amplification of a 99 bp 
sequence coding for position 192 were 5'TATTGT 
TGCTGTGGGACCTGAG3' and 5'CACGCTAAACCCAAATAC- 
ATCTC3". Primary amplification (30 cycles) was performed using 
Amplitaq polymerase (Perkin Smer-Cetus) in 1.5 mM MgCl,, 
50 mM Ka 10 mM Tris-Q pH 8.3 for cycles of 60 s at 93 'C, 30 s at 
61 «C. and 60sat 72 "CDNAfromaiecydesecondary amplification 
was used for digests and dot blots. 

Primers for amplification of position 55 were 5'GAAGAGTGA- 
TGTATAGCCCCAG3' and 5"TTTAATCCAGAGCTAATGAA- 
AGCC3'. Amplification for 35 cycles of 94 °C for 30 s, 61 °C for 30s, 
and 72 "C for 30 s produced a 170 bp amplified product 

Sequence missii^ from done HuPON3 is encoded by 2 exons in 
human genomic DNA Primers for amplification of the sequence 
corresponding to the amino terminus of die serum PON protein 
from the first coding exon (24 2/3 codons) were 
5'GCAGCAGAGCCTCCTAGC3' and 5'GCACCrGCrTGTAAAT- 
GTTCrG3'. Primers for amplification of the second coding exon (23 
1/3 codons) were 5'TCTGGAGTTGAAACTCAGGC3' and 
5'TGGACAGATTGAACAGGCAC3'.Amplifi:cation was performed 
with Vent polymerase (New England Biolabs) in the recommended 
buffer with 30 cydes of 120 s at 95 "C, 120 s at 53 "C, and 60 s at 
78 -C. 




isolated from agarose 
" " "'Pendlabelled 



DNA sequencing. Amplified fragments were isolate< 
gels, purified using glass fines«, and sequenced using «P end label 
primers and Taq polymerase witii a Cycle sequencing kit (Gib^ 
BRL) using the recommended conditions. 

Allele spedfic oligonudeotides for determination of genotype. 
Fordotblots,ll4amplifiedDNAwasapplied to nitroceUulose filters 
whidi were incubated 2 x 5 rain in 0.5 N NaOH, 1.5 M NaCl, 2x5 
min in 1 M Tris-Cl pH 7.4, 1 .5 M NaCl. Filters were exposed to a UV 
transmuminator for 2 miii, then dried. Following prehybridization 
for60ininintiieindicatedhybridizationbuffer,filterswere incubated 
with Glnl92-specific (5'CCTACTTACAATCCTGGGA3'), or 
Argl92-spedfic (5'CCTACTTACGATCCTGGGA3'), end-labelled 
probes for 90 min at 55 °C and washed for 5 min at 22 "C and 5 min 
at 40 For 4e Gliil92 probe, incubation was in 5x SSPE, 0.5% 
SDS, 0.1% ficoU, 0.1% polyvin^ pynolidone, 0.1% BSA 100 \i% 
ffll-» salmon sperm DNA; washes were wiA 2x SSC, 0.5% SDS, For 

Rg. 2 Mapping the PON gene by in situ hybridization, a, 
Distribution of autoradiographic grains on human 
chromosomes ftom 49 metaphase cells. 37% of a total of 
73 sites of hybridization are on chromosome 7 at bands 

and q22. There is no significant hybridization to other 
chromosomes, b, Localizafion of autoradiographic grains 
to bands q21 and c|22 of chromosome 7. 
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the Argl92 probe, incubation was in 3x SSPE, 0.5% SDS. 0.1% ficoU, 
0 1% polyvinyl pyrrolidone, 0.1% BSA, 100 Hg ml ' salmon sperm 
DNA; washes were with Ix SSC. 0.5% SDS (Ix SSC is 0.15 M NaQ. 
0.015 M Na citrate, pH 7.0; Ix SSPE is 0.15 M NaCl. 0.01 M 
NaHjPO,, 1 mM ethylene diaminetetraacetic acid, pH 7.4). 

Digestion of amplified fragments with restriction endonudeases. 
Amplifiedfragmentswereprecipitatedwithethanolandresuspended 
in buffer recommended by the manufecturer. 5 \il of amplified 
product was digested with 2 U of enzyme {Alwl for analysis of 
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tordeilvedfroinO.O-diethylOp-nitrophet>yl 



position 192 or NhllKot analysis of position 55) for 2-3 h at 37 °C. 
The products were analysed on a 3% NuSieve (FMC corp.) agarose 
gel- 

In situ hybridization of cDNA to human chromosomes. A clone 
HuPONIcontainingal346basepairfi»RIfi:agmentwasradiolabelled 
with ['H]-labelled nucleotides by nick translation to 3 x 10' cpm 
li^K The piobe at a concentration of 0.005 to 0.01 ng ml ' was 
hybridized in situ to metaphase chromosomes from human 
lymphocytes, as described*'. 
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